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loptnc projection, opdeal system Is provided, which 
can tsc a beam s ptitting optical system gw^Jl r r in sia? than 
a conventional polarizing beam *p1?rrrr, can sec a long 
optical path fram a concave reflecting mirror to aa mage 
plane, allows easy adjustment of toe Optical system, and has 
excellent imaging performance! AKght beam fnm an object 
axifecc ferms i fiat intennedxate image through a refaaiV 
Jens group. A light beam from the Sxsi mtenacdiaie image 
passes through a polarmng beam setter and is reflected by 
a concave reflecting minor to form a second izttcraediato 
image m the poIadaSng beam splnret Ah^ beam £om the 
second mtermednle imago is reflected by the pcJaqzxag 
beam splitter means to fbnn a final image on me imagepimtq 
via a refracting fens group. The polarizing beam splitter 
means is arranged near the positions at winch the interme- 
diate images are famfig n l. 

14 Claims, 13 Drawing Sheets 
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CACADIQPTB IC REDUCTION PROJECTION a light beam oe^ tf* optical ass is disclosed in. n.* U-S 

OPTICAL SYSTEM AND EXPOSURE pat Ncs> 4,953,56*0. 5,220,454, 5,0*9,913, or 5 402L267 ' 
APEARATUS HAVING THE SAME 

i SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION 5 Tfe present frrentioa has as its object to provide a 

L Field of the Invention ntirtfo ptric reduction projection optical system which can 

The present invention relates to a cataoaoptric rcdnctbn nrse a beam^ssplitting-opdcal syslrm smaller in size than a 

Cpticalsystcm suitably appliW to a project^ optica system . ~nver^nalpol^^ 

for tcducdnn projection m a projection exposure apparatus in ^^afoncave ieflc^ 

of a cuc^t%osurc mcmod or a scamimg e^cc * I** system, and ha* excellent imaging 

method, used to man u fac t ure a ^i c nrvntc t c c element or a pg * fcman rc . 

Hqnid crystal display dement in a pbetolknograpmc process. 11 ? nu J thcr object of the present invention to pmvide a 

and, more particularly, to a oatadsoptnc reduction projection caiadiopiric re ductio n projection optical system which can 

optical system having a magnificarion of ahem 1/4 to 1/5 u reduce tiie size of abeam splitting opoxal system such as a 

with a resohiton on the stifaudcrou order in the ultraviolet polarizing beam splitter and soil has a space in which an 

wavelength range. apcrtnre stop can bo arranged. 

2. Related Background Art It is still another object of tenreacntinventitotopre^ 

In fabricating serttfcrmrfrtrtfnr devices or ligtia crystal t^f^^f^tv^^l- 7*2 Sy *f? 

maplay devices, etc by photolithography process, the pre 20 ^l^^^n^S T^^T^ C *. b ° 

a projection optical system a pattern image on a reticle (or L. „ . « . . . 

photrnnasa; ett)£crexamnle at a rat» of about 1/4 to 1/5 to ™* t ? a ^ dlo l rtnc ^icAicnon projccnon optical system can 

cfecl exposure of the iniage to ^ be applied to a projection exposure apparatus of a scanning, 

coated vtritb * photcresist and the Eke, 23 Clposaic method, based on use of a compact hc^m spKtfag 

w**. *w> . - • - l • . • , means such as a polirmng beam splitter and the Eke 

^Z^^^^i^™,^^!^* son mctfc^tht proton «S 

however; the exposure wavelength bsacrtcueti, the types of F^aisyxo Bt . _ , . _ _ 

optical glasa^rhich can txTuZTd m T*acticcarc Ecd - To **™ ot * iCls - M ^wninFlGS,land2, 

because of the ibsorotion of ^.matron light- In particular, 35 «P°»w apparatus of the present invention 

as the txpunxo wavelength becomes 30O cm or W muV ™npnscs at least a wafer stage 3 being movable and 

synthetic quirtr md miarS can be reed m practices glass alleging photosensinvesnbstrate W to be held on a mam 

materials & iMM sachet thereof, an fl h mi in atTO n optical system 1 tor emitting 

tK . H - rt . - A __^.7%-VTrT- . a ™ 40 nag a prenetermmea pattern or a mask (reticle Rj onto the 

teoc quartz and thfi AnoM: is sot large cntnigh to correct s^^^ w, and a catadioptru: reducnon ptojec^a optical 

Sjatimi5prOVidcdbetweeiam^ 

length becomes 300 nnr.Or ksa, and a projectioa Optical mask R is disposed and a second smiace K on which a 

aystcm n consiitnted by only a cefrauting npdeal system, sui^tf the substrata Wkc^^ 

ciu^ttiabc ahemtioii correcnoa x vexy difficult to pcoW ^ hug* of to patten of the u^iim^MiaS^W^ 

In a dgho^s mce mienle undciBaes a constderabfa change flm mmato optol system- 1 frctndes aq agpmentondcal 

mie &acto^ ndox with a change iq mmnemmre, it, has system 110 &r adjusting a lelative positions between the 

poor rcmnerafaire ^cxrat i ^ and mvolves many p to b- maakR and the substrate W 9 and the mask R is disposed on 

lsmam a le^p^ahwig process, fiuocte cannot be used 4 ret£dc sXzgp 2 a ^^26 m parallel wimlSect to 

uaany poftons. It m, ihere&re, very difficult to fcrm a ^ ^ main ^race of the wafer sta^ 3- The cabXphic 

• projecflon cpbcal system having a negmied sohuum by reduction projection optical system has a space pa tm&ng 

using only a refiactiiig system. m aperture slop d to be set theceiiu l^e sensitive substrate 

In contrast to tms, attempts have been made to fcrm a W composes a wafer* 8 such as a '^Ikpn wa&x or a glass 

projection optical system by usmg only a reflecting system. plate, etc, and a photosensitive ^^' , ^"T ,1 7 such as a photo- 

In tins case, however, thepr^ection optical system iccreascs 55 resist and the liko coating a surfice of the wafer 8. 

m site and rcqoics aspherical j n rpr ^^r . *^ y^^i^ n yrn ~n rm 

oottKatt to manufaerare large, h^n^naon, asphcrical system, is shown in FIGS. 3 and 4, inciudes at least a first 



imaging optical system having a focal length t\ (refracting 
Under the efe camsfr gces, various t ffhmqnn have been lens group G 1 (f 1 )) having a positive rcfactwe power and Bar 
proposed to mnn a reduction projection optical system by fio forming a fl^t intermediate image 9 as a tHacrd image of 
using a so-called catadioplric optical system consrihitnd by the pattern on the object plane Pi, beam Splitting means 10 
a catnnmanon of a reflecting system and a refracting system for splitting at least part of a light beam from the nest 
conssnng of optical glass usable in relating to the closure ima^fn^ optical system, a ycon d imaging optical system 
yavciecgm to be usee. Aa as example, a redncrjoo projee- having a focal length t% (catadiopaic leas group QJ$J) 
tian exposure apparatus in d n rting a catadioptric projection 65 inemding a concave reflecting mirror M 2 tot reflecting a 
optical system having a beam splitter cnojvifatcd by a cubic light beam split by the beam splitting ™<-*r\ and for 
prism and sewing to project a reticle image entirely by using forming a second mlermediate image 12 as an image of the 
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k«rm*£aui imago 9, and a third hnagmg optical splitter 10 (FBS) is used as a beam splitting rncan3 as shown 
system having a focal length (refracrmglcns group G^y) xa HGS. 3 and 4, the system is suitable for the ooc-sbot 
for&ninngau^rntei^^ eacosure method even though the system cm he applied to 

muge of the second nUcnacdiate image 12 on the image the scathing exposure method, la this case, a beam 
plane F2 on the basis of a light beam, of a light beam from s mexdeat on the second images optical system (cafcdirwtrxa 
fcsecocd imaging optical system, which fa split by the fens group 'G^f,)) and a Bgjxt beam mfiected theteby are 
team sphttmg means 10. split by the polarizing beam splitter 10 to be guided tn the 

Since the first imaging optical system G^Q forms a first subsexjuent optical system. In addition, the polarizing beam 
reduced intermediate image m on Optical path from the : fitter 10* arranged near the pesitiottwfaero the Iightbcara 
image plane PI to the concave ren* ccting mure* (or MJ, 10 is finessed as the second intcnncdialc image 13 after the fid 
the beam splitting means can exactly cany out the splitting intermedials image 9 is formed, Le., the portion where the 
Of a light beam from the first imaging optical system G^EJ, light beams is intensively focused. Therefore, the polarizing 
Since the second imaging optical system G^£J forms a b **m flatter 10 can be reduced in size, la addition, the 
second intermediate image in an optical path from the blanket wafer exposure scheme can be employed unlike a 
concave r cflrrtrng mirror (or M^) no the third imaging X* so-colled nag field optical system for exposing only an 
optical system Gj(jy A a smaller team SpEctmg means can be *nufrlar zone by usmg an off-axis beam* 
used in the c atarT ioptric reduction optical system of .the In addiDbn, by using a tight beam from the 
present mvenrioa Additionally; as shown in FIGS. 3 and 4, mtermcdiato image 12, animagecanbe &zinedasamontne 
* tho second frnagrn g optical system G^fj) can be used the second mrrfncfi 71 by the thud wrmgrug optical system 
concave rejecting miner M 1 so thai the minor M x sand- 20 (refracting lens group C^&})* For this mason, the wo rking 
wishes the beam splitter 10 with the first ™*gfog optical distance from, cg^ a wafer placed on the second to 
. system G x (& and, also can be used the concave reflecting the third imaging optical system (GJ£J)<av bo set to be 
mirror so thai the rrnxxor sandwiches the beam kqg, In addition, since an aperture stop 6 can be easily 
splitter 10 with the third imag i ng optical system G^fJ. arranged m the tmrd imaging optical system (G^fg)), the 
If the beam splitting imrrc is a prism type beam splitter 35 coherent factor (ir value) as the ratio between the nnmrn ' m t 
10, at least one of the first and second mtcrmediate images aperture of the iTftmrmafo n optical sysrem and that of the 
3, 12 is preferably famed in the prism type beam splitter, projection optical system can be controlled in a wide range, 

ffthcbcam^ftfngir^ ***** fc * a ^**=^\ 

&r partially reflecting a light beam from the first Wing „ Thccreacally^ ^£hcrm«nbcr flenses of (he third ima&ng 
opncal system (refractrmj lens group G,£)) as aSwiii 30 0pt ** 1 5** m <9?<9> ™ l*™f d ** 
FIG. 5, the second intermedial* irnago S is preferably reason, the rajmencal aperture (NA) of lhc ejection optica 
termed in an optical path mrm tncfct miagmg optical ^^^ lBaB ^^^ a, ^^^ E ^^ to 
system to the concave reflecting mirror M, of the second °* ******** • . , . 

n^gjrujoptiealsy^ J? ^f^f^*?* ^<*^P^rrmst 

ing mirror side of the partial reflecting mirror 13, In other 35 ^ derteted at a grvcu pcsicon m the optical system, 

woofs, the intermediate image 12 is formed between the Thcpra^nmdrantcnng the optical axis at tho deflected ' 
concave rfecting minor M, and the partial refleomz pqrbon is strict, pemng scrmus pmrrfcrns in the maimfaotum 
mbxtjt 13 °* the cphcal system, m the present mvennnn, however, it 

ing beam splitter 10, deceniering of an optical system 
Pi*n>0 &n constituted by the first and second imaging optical s y ste m s 

(Gi(jy, G^fa)) and deceatering of the third imaging optical 
***** 0) system (GJ can be indcpendeotly adjusted. Thereafier, a 

!ftw*bl<0j 45 s^tae for combimng the two optical systems at a, right 

■ l. angle can be employed. Therefore, decentetisg anjustment 

where ti^.tu. andn, are the Betevnl suite o£th± fljat and the hire are theoretically fitdfiteted. 
optical system (rcfcacthig lens group G 2 (i^}}, the second With regard to this point, according to the present 
taagmg optical system (catadwptnc lens grrjnp G^4)), and mvenhcn, since the polarizing beam splitter 10 is arranged 
the third imaging optical system (refracting lens group 50 near the first ■■■^"f image 9 or the second intenne- 
GjtfJ), respectively. ^ diate image 12 having a relatively low deccntering 

Furthermore, the & Hawing relations am preferably satis- sensitivity, even if deemttermg "^r! in ejecting the 
find! optical path, the influence of fchi* ^ ^ w>^Wng on the optical 

' pcrfcrmance is smalL 

<LlS * PJil « « In addition, as shown m H03- 3 and 4, even iC £bc 

oj^sj 0} example, a wafer w is hctnontaUy placed on the second 

Surface P2, tinfff, for example, a reticle on (he first surface 
(ussifcisu («) PI and the first imaging optical system (G a (y) can be 

brfafslsi n) hori2oataIly arranged, the overall proj ection optical system 

b so can be set to be lower in height than a conventional 

where P x rs the rriagniflcation between the pattern of the first projecticn optical system coosdmted by a refracting lens 
anrface and th e first intermediate image, ft. is the raagnifi- system. That is, the vertical dimension can be reduced, m 
catmn between the first intermediate image and the see&od other-words* since there is a good vertical A'm^m mxrgh^ 
mtcrmecaaie image, and fcis the magnirtatiDn between the the optical system can be arranged with a good margin, 
second intermediate image and the third intermediate image, ay In order to reduce the light amount less in the polarizing 
Acrmrdmg to the catadioprric reduction projection optical beam spGtter 10, it is preferable that a prism type beam 
system of the present invention, when the polarizing beam spKucr 10 be used as a polarizing beam splitter, and a W4 
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plAto U be mser^ be Ween the polarizing team sp&ter and auditions represented by ineQualities m to ^ -i*™ ^ 

^^.^"■^^P^"^* *• «md, no problem, « p£d „ tong ^2 
S^T^^ ^ - M i B to ?* ^,^^8 perfcrrmnce with respect to plrtof the io^ hdSijS 

4s shown m FIG. S, when a partial mirror 13 a used as inuring magnifications B, to B* aw satisfied. » aJSS 

"J 6 *« prism type beam flitter 10 . relations (4) to (6) aba^tf* redaction automata? 

aVElwEJ^fT** ^^^^ lOOft of : -increase* As a ri4, expose in a wide 
an imaging hgfai fa eam 6a used, occurrence of a^c i, w perform.' Beyond the inner luoilx of rebuiens fflltafdJ 
SS^^S^^*?.*™ Caused, same 5^ tto^Lg^ntio «c^ly wilTlS 
^ZL 0 ??* ?"? ^ 1 •pptfexiot. of this opttai system to a ^jertioToptiaJ 

^^^a24ofi«tfrom the opti^«b cm the second apparatus crmfnrficra the essential purpose of itS 
snrfece P2 becomes on exposure field, 13 shown m FIGS. ■ projection. * moucoen 

5-X Therefore, in using the minor 13, in order » 0503a the a Whsorelatfou(4)issansd^mostof (be refection ratio 
EfSL^f "m*" 5 RpUced on of me overall optical sysamlatt be ensuwdbtfe first 

KSr^Jl^ T^ - " * ad imaging optical sy^m(G^fJ), In thiala^ pdsm ry?e 

. wafaW must be scanned ai a speed enrrr^onding to the beam splitter 10 or the partial mttedinz tmmir13 S« 
se^cd paction ma gnification . Thai h. exposure must bo particular; can be reduced insSe. Kaea ** HMrot U ' ■ 
w^HV^S^J!^ 0 ^ caposuni mrtfmL n In applying the present invention to an exposure 

aimSa^S^? L E SL b8lm ^ am " W^in^topW.cbangemm^caS^ 

HGS fcsT the bowed, as shown in variations in image plane, at which a w^bartoBtok 

FIGS, 8-10. In to ease ttu, optoal pcrfoaiag can be, totaled, in the optical aria feetan. , uJSJJSS 

Hnp^dl>ee^ita«mt^peta . ^ Jatooa^S. 

EJ« f^^f? ^ * «e^ered. Note as The preset inventfea will becm^nir^^ 

to when the reticle R is afee 1 placed on a horizontal plane from the detailed description given hernmbelT^tte 

a ™w£ IWi t- R ^f* ^ W ' =««Wing dnw^incfalre given by^y c?2W 

™S^L^?%S*I^ ^gedm the first imaging • tror« a only, and dm. are not to be coiSdered as Mting^ 

. op^ system (<^(y) to «eer the optical pah. present invention. 

^ ™P« r 'i?f ^ ^ ^ ^8- ^ so Fuafcerseopeofapplicabiayofmepr=^mventionwffl 

pawalroflectmg mrrror 33 nHG. 5. the optical path oan be beeome appaLt &S^de^kd dLcfetion 

^.f 1 .^ 1 ^ ^.^Blf = not retired to split maftcr. However, it should be ^^cdthat the detafled 
Jf S^Ek 1 ^ a ^ m ^P M fiK»>™»nurgrn d«criptioo and specific examples, wmle mdicalmg pre- 
^JS^J™ f 5 ^ .tb» point, in the conventional fcrred enmodimeS^e tovention, are given by^a? of 
cateAoptac P^ajon can^l systnm, for exunple, a maxi- 35 fllestotion only, since various changes and mcdmcations 
^.Tt^* 0 ? 6 tTJ'L'* ? to split the within the spirit and scope of the invention will beeome 

opccalpith. In contrast to this, a light beam incdent on the apparent to tbosedallcdin me art from tba detailed farfa. 
mirror m the present lrrveationcahibits a field angje of abont tun. 
.10" , and hence abaxatton cort ce t i on is fiwfflMrfd, 

A so-called ring field optical system is known as a 40 BRIEF DESCRIPTION OF THE DRAWINGS 
prajcrfoa optical system fer tho scaruimg closure method, FIG. 1 is a structural drawing to show an 
aadthemgfi^opticalsystemfeainstriiot^ apparatus of a Oooshot czposam method; 

^Z, ^ l Z^*? Da ; U ? tm ^ a ' <fifficdl . &r FIG. 2 is * stractaral drawing to show an 
Ihenng field opheal system In have a large numerical apparatus of a scanning exposure method: 

cpfcafm^lrs totot" 1 ^^ t ^ Fu ^ because « EIG. 3 k an Jcd^S^Sog the schematic 
Spcct to£Ti j 5e5 > axP5SiS£ SSfet "3 ^ 8CmCO '^ 1 rcdi^oo projection optical 

adjustment c&Zp&xl n^ arSa^SStx^ S f 6 "** 16 ** embodimcnI of «««« 
conaol or accuracy mahneaaiice is aba difficult, m contrast 

with it, because the angle of View is mt huge in the present so **>v 4 * ««P^ showmg a modification 

invention, the optical system is cocstnictcd ia a structure of toe first embotfimcnt; 

with less ectipse of beam. FIGS. S to 7 are views showmg the schematic 

In the present invention, in order to imprcrre the perfer- atringcmeni, the exposure field, and the Eke of the second 

macee of an opticd system,' the Fctrval som of the overall embodiment of the preseat inv ention ; 

optical system' most be set to be ncv a For mis purpose. Si FIGS - « to 10 are views shewing the schematic 

inequalities p.) to (3) above an preferably " ti^fitd . anangement, the eapit»ut e field, and (be tike of the third 

By satisfying faeqnaHnea (1) to (3) above, the curvature e mbodi m en t of the present invention; 

of field, which is associated with the optical perfonuance, is Fid. U is an optical path diagram showing a projection 

suppressed to improve the flatnesa of the imago plane. The optical system according to the first embodiment of the 

Anage plane » curved toward duo object plane PI in a O present invention; 

concave form beyond the upper Emit of inequality (3) FIGS. 12 to IS and ltf(n) to 16(c) are aberration charts in 
(Pa+Pa+Pa^ 0-1), and is curved toward the object plane PI in the first embodiment of FIG. 11; 

* convex form below the lower Emit of ieeroaHty (3) FIO. 17 is an optical path diagram showing aprojecdan 
tPf^a+PiS-OJ-)- As a result, the imaging performance optical system according to the second embodiment of the 
eonstderably deteriorales. a present invention; 

L^Ot WSS? °*? S Ke H bcam 53 10 bc wta > FIGS. IS to 21 and 22(a) to 22(c) are aberration charts in 

lb, nng field fflmninaho n is to be perfbrmed, the Peetval the second embodiment of n017: 
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opocd system according to the third embodunent of the enchangfl system 200. The main control seclioa 400 suchls 
present mvcntwn; a conpute system Bjattols the light source 10ft, ths reticle 
HGS. 24 to 26 and 27(a) to 27(a) are ifcctraticn charts in exchange system 200. In pamcuiar; the main eaottol section 
the thudcmb«dunest ofHO. 23; and J 400 separately controls the reticle stage control system 210 
HG. 28 Shows a schematic structure of u exposure T^T^ 03,11101 »3fStem 3W Kid, thereby cm 
apparatus of a ooe-shct method using i citadioptri rcouc- ^SS^SySSSlS'S^ ?W ? 0d ^ <*»Bk8 » Ra- 
tion project*,,, optica systeo SingTL pS . f^JS^? ^ an rc <^ * 
itvendba. . and an exposure region cm the wafer V. 

10 '; .lie techniques relating do an exposure apparatus of the 

DETAILED DESCRIPTION OP THE present invention axe described, tor example, m VS. p^nt 

PREFERRED EMBODIMENTS aspfations Sec. No. 2S5,927, No. 260^98, No, 299,305, 

v - *. ... U J. Pat NO. 4,457,015, No, 4,66o\273 i No. 5,154,893, No. 

Jtf^^^^ysten aceorimg to tepMimrtft will M the like, Tbt reference of TX& paient application Set. No. 

^f^ 5 . 10 In the 2S5,927tc^annTnm^ 

oS^^T^^^ appUcti * to a scan Jer^wt 

or a scanning eiposro^thod. HG. % shows "bode * * "™ *° c 3 ** 31 * 5 «PP»r^ Xlw te&cence of 

«ftncmie of the exposure apparatus asms a encsbnt expo- UbS - 1,316111 W***" ^ No. 299,305 teaches an ahgn- 

sure method. As shown in flO. 1, an expesure apparatus m«t optica system applied to a scan type exposure appa- 

ennrnriscs at least a movable waiervstage 3 allowing a nUus " ™ rcfcrcn " °* u ^ No. M Q 7Jt&5 teaches an 

photosearilive substrate W to be held on a m »in surface 3a ^ ilhnoiaaiion optical system (using a lamp source) applied to 

thereof an fllninmatioa optical system 1 far emitting expo- * Scan type exposnre apparatus. The reference of U-S. Pal 

sure Eght of a predetennnicd wavelength and transferring a. No, 4fi66£73 teaches a stcp-and repeat type exposnre 

predetermined pattern of a mask (reticle R) onto (he sob*- apparatus capable of using the ratarffinp trie proj ectio n optical 

strate W, a light somes 100 for supplying an exposure light system of the present inraimm. The reference of ILS. Pat 

to the flhunfaaifoa optical system X, a eaiadrcptnc i Hnrri hrt 3d No. 5494,893 ftrarryn an Euinmatiou optical system, an 

prelection optical systcin 5 provided between a first surfiice * illurnination region, mask-side and reticle-side 

PI (object plane) on which, the mask R is disposed and a mtcrfcromctca, a fccusing apdeal system, ahgzuoenc optical 

second surface F2 (imagg plane) to which a sur&cq of the system, or the like. The reference of XJ.S. PaL No, 5^S3J^0 

substrate W is eonesponned, for projecting an image of the teaches an uTmmnahon optical system faring % laser source) 

S^^i^* 6 ^^^ 2 ^^ 31 ^ Ecd to 1 5te P^«P^ exposure apparatus. The 
^^^"i^^-tf ^cntcptreal system HO •uo refcrence can be applied tot scan tywapcro 
fbrad}nstinsan±iiivepositiO ™, ara m^ Th~ ^YrTto,. iJTT^^J7\^ 

wafer W. aid Q«inas*R is ^^T^ "f^S^^ NX 5^33,035 teaches 

which is movable in parallel withi^pect to the main smlice WEcalion of an ffbt x turin on optical system appHcd to 

of the wafer St*ge 3. Aretkle exchaoge system 200 conveys 40 ** ex P asoia *P£Mnftis. The reference of U. S. PaL Na 
and changes a xetzde (maskR) to be set on the reticle stage 5,365.051 teaches a anto-&cnsmg system apphed to an 
X The reticle exchange' system 200 includes a Stage driver "pecauc apparatus. The reference of US. Pax. No. 5,379, 
for movmg the jcrxde stage 2 mparallrl with respect to the 091 teaches m iHinrn'nation optical system (using a laser 
main surface 3a of the wafer stage 1 The catidioptxic sontce) applied to a scan type exposure apparatus. 
reAietbnprojecrioa opticel system 3 bis a space penaioing ^ Next, as described above, the optical system is appEed to 
w if eWjitcp d to be set *eiem. The sen*** substrate pnajecrxon exposure apparatuses of a or**het «^iro 
l^Wtasn^w^Bs^ws^aSmw^arxa^ method and a scaumug exposure method, which arc 
^fi ztc Z^ * P^.sciisitive niareml 7 such as a photo- designedto project an image rf a pattern on a leticfc onto a 
re^ or the lace ^ ^ x photQcesfel ^ 4 todc4ernai^ magrn. 

stage 3 is moved hi parallel withrespect to a Object plam; PI 50 ficanon. 

t 7 ,Knt 5yStEm anxam cnito! ^h regard to the tas amngemeut in each cf the 

sechon 400 such as a enmputer system controls the lighi fenowing camc^nents, &r exan^ issiown inEIG 11 

^LT^^1«< ^J^t 03 ™ M refleenng snrrace (rj and mirror surf Sceof a coneav* 

p^.a™^^ 5^ ttflectingim^r^.mon1erto 

HaZsbx^thcbasrestroj^nrecf ancxp^ and iho distances therebetween, the pattern "surface of a 

tisjug a scanning exposure method. In HG. 2, the exposure reticle R is assumed to be the 0th place, and each of the 

apparatus also comprises a wafer stage 3, a reticle stage 2, planes through which light emerging W the re&ck B. 

aii flhi mfrarfh n cprical system 1, and a catatfioptric rerJuc- passes-until it reaches a wafer W is scqucndaHy assumed to 

tion projcctiQn optical system 5. The jUrrminnHnn optical 6Q be the ith plane 2, . . . ), whereas the positive sign of 

system 1 emits a light beam foam the Kshx source 100 to an theradmsof curroturc,r fr of the im plane indicates* convex 

flbcainaaon region-on the reticle R, the iflummation region Idas with respect to a light beam ixcm the reticle IL la 

being a predetaoaimed shaped. The mhHfa pteic rerfitctwn addition, the plane eSstancn between the ith plane and me 

projccton optical system 5 .projects a reduced image of a p+l)th plane is represented by d,. Si(\ represents fused 

pattern of the region oa the reoxlc R to m exposure region a quartz as a glass materia The £1^ 

on the wafer W (photcsensitrvc substrate). The reticle stage refractive bdex with respect to the used rewrence wayo! 

cnnttol systeoQ 210 can move the reticle stage 2 wilh respect kngth (193 nm): 
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tejhctive index of £ascd truanc 1-5610 

The Sssl embodiment is a projection Optical system soil- 
able firr & paajeetba Optical apparatus (o.g» a. stepper) of a 



10 



acic nn- i pmjecnon optical apparatus (o^» a. Stepper) of a. 
cue-shot exposure method and having a magm-fi^,^ 0 f 5 
1/4*. ■ 

FIGS. 3 and 4 show the overall arrangement cf the first 
cmbcdiiEcnL Referring to FIGS. 3 and 4, a reticle R (see 
FIG. *L) on which a partem to be traosfcnod is drawn is 
placed Ob ian cfajed plane PI, and a wafer W (see FIG. 11) io 
coated with a phntocesist is placed on an image plana P2. 
The reticle R on the object plane PX is illuminated with 
eapogge fflnrronaticrj hghl from the light source 100 of the 
iZMrmnaobn optical system 1, and a lumt beam marine 

a meal length AEgbl beam from the first intermediate 
image 9 is incident on a poTarfriog beam sputter (EBS) 10. 
Ap-polacxwdlight beam trammincd through a polarizing/ 



concavo suzrace fcdng the reticle R, a negalzve rneuiscus 
lens having a concave suctace Facing ihe reticle R, a 
posjtfrc meniscus lens having a concave sirface feeing 
the re dde R, a negative meds cu s fens having a concave 
surface racing the reticle R, a convex lens L^, a negative 
meidacns lens having a convex snrface facing uw reticle 
It a positive meniscus lens having a convex surface 
facing the reticle R, and a negative meniscus lens L-_ having 
a convex airfare facing the reticle R. 
1 : .The incrtoro stop 6a is arranged at the Fender transform 
plane in the retracting lens group Qjf^ Le., between the 
Convex lens 1^ and the convex lens The aperture stop 
6b is arranged at the Bourie* transform plane iathe ce&uctinff 
lens group G^jy, Le, near tho re tide-side snx&ce of the 



. , system 2S the 

numerical aperture (KA) on the wafer aide (image side) is 
05, and the object height » 60 mm. 
'• One type of optical glass consistm 
n ff „^ o f " ^ — toaniherru^raeTrngtes^ 

rnj^ttioo 10a of the ; polarrzmg beam splitter 10 oa chromatic aberration and for chxotmnc aberration of ma*, 

ler* J^^^f n r ^^f^^^«^^ ni£cancnwim revert 
lens group having a focal length fj and Including a * ~~ ~~ - 

concave rcikctmg mirror M,. Thereaficr, the hght beam 
retnms as an s-polnri&d right beam to the polarising beam 

spUto 1X1 via me Relate I t to fcra esceond uXcmecHatc 23 state, thereby re^iang an optical system having excellent 
mageJL2m^ttie poiartta^ beam spKrfcr 1ft. Note that me hnaging perfcrraance. ««« 

' ' " * * The curvantce raen r« plane distances dy and gjass mate - 

rials used in the first erabodfment shown- in HG. 11 arc 



wavelength (193 nm) of an ultraviolet excancr laser beam. 
In iririirfnn, spherical aberrancy coma, astigmatism, and 
distortion are corrected to attain an almost aberration-free 



catadjopteic kns group G^jy inemdes a retracting lens in 
practice, as shown in FIG. 1L - 
Moat of the s^pelanzed Tight beam from the second 



^ - . , 4 Shown in Table V In Table 1, the 29th and 34th planes arc 

m^etote image 12 is reflected by the peuaxz2xngf so virnialpfenes iwikanng the pokazmg/rerlectias surface* 0 f 



reflecting surface lOn to forma rednced image of the T ^Vte 
pattern onto the wafer W on the image plana PI via a 
rendering lens group as a fbcusmg lens group having a 
Focal length m addition, an aperture stop 6a is arranged 
nearthe pupa plane of the refiacong leiifi grmm Gj^ along 31 
* anc^D^aoisAX^of ther^ctmg lens group G^Q, and 
an aperture stop 6b is arranged near the pupil plane of the 
retracting tens group G,Cfj) along an optical axis AX^ of me 
t e fa e n ng lens group G^fQ» 

' La this e mhndfme ntr since me second W ^nrfrfifatfl imagr 40 
32 a formed to be closer to the concave reflecting rrdcrorM 1 
than the polaazm^ficetxng smfacc 10a, the rmlanzing 
beam splitter 10, in pamcnlar. can be reduced in 

Fid U shows the dctaOed kns arrangement in the fiat 
embedttttentof Fia 3 ^G. 4). The plate 11 in HG. 3 45 
is omitted fipm the arrangement shown in FIG. 11 

As shown ^n FIG J 11, the lens group Gj(^) is 

co rtsritiitc d by in the jSgflowing order from the reticle side: a 
negative meniscus lens 1^ having a convex «™f*/««? racing 
the reticle R, a negative mernscas Vro having k cancave 50 
surface facing the retide R, a biconvex lens (to be simply 
referred to as a taxrvcx lens hereinafter) a convex lens 
Lm. a negahVe mnniviw lens having a convex surface 
racing the reticle R, a negative nicniscus lens Lj^ baying a 
centre sarfaee faefng tne reticle R» a Convex leas a 55 
convex lens L^, a convex lens t^, a biconcave lens (to be 
simply referred to as a concave lens hereinafter) 1^, a 
convex lens I**, and a convex lens The caiadioptric 
lens group Gjjld is eonsrirnicd by a negative meniscus lens 
Lao having a concave surface facing the reticle It and the 60 
concave reflecting mirror M 1 . 

The retracting lens group G^fj) is cnristxtuted by a 
enevea lens 1^, a positive mextrsexcj 2cm 1^ having a 
convex surface radng the reoclc R (pobmingheam «fr]jtfrr 
10), a negative meniscus fens having a convex surface $s 
facing the reticle R, a convex leas 1^, a convex lens a 
convex lens a negative meniscus lens Lyj having a 



the concave reflecting mirror M x and the polarizing beam 



10. 
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FIGS. 12 to 14 respectively Show longihirlinal aberration 
charts in the nest ernbonimcnl; EtG. 12 shows a spherical 
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11 12 

afcttrarion of this cmbodimeal; FIG* 13 shows an astfgma- projected onto & barahaped exposure region 24, on the 

tism Of this embodiment; and FIG. 14 shows & distortion of wafer W, which is slightly nfi**t fiom an optical axis AX*, 

this e mhod uncafc Further, FIG. 15 shows a rnagnTfinirfnn Therefore, m order to exposure the pattern on the entire 

chromxtic aberration chart in the first embodiment. FIGS.. surface of the reticle R. the Wafer W may be scanned to lbs 

16(c), and 16(c) show transverse anenraciou charts in s right (or the lefi) at a velocity V w (-p-V*) iq synchronism 

the first embodiment. In these aberration charts reference with the downward (npward) scanning of the reticle R at a 

symbols J, P, and Q respectively denote characteristic curves velocity in HO. 5. provided that the magrnficatian of the 

U the used reference wavelength (193 nm\ 15^5 crm, and overafl system b rcprcsmted by p. 

193-5 out. In tnis cnabodinacnt, since the second pte qw j Salp image 

The height of the projection optical system of this in 12 is Sinned at the concave reflecting mirror side of the 

cmrjedimeut is mainly determined by the refracting lens partial minor 13 and is located between the concave reflect- 

E™xp ^(ti). The height of the redacting lens group ing minor M x and the partial mirror 13, the projection 

q about 600 mm at most. That is, the height of this system optical system can be reduced in strain the vertical direction 

is about 1/2. thai of a pnjecrich optical system constituted by m particular. 

a convfcntwnal rcfractrng system- 15 FX G. 17 shows the be tailed lens arrangement in the second 

fa tins cnabodnnent, as shown fa FIG, 3» of the light from embodiment 

the redacting lens group G^ft), a tight beam which is As shown ha FIG* 17» the retracting lens group G x (£ l >is 

transmitted through the polarising beam splitter 10 is grdded constituted by in the following order from the reticle side a 

to the catadioptric lens group Q*£Z£+ As shown in FIG. 4, positive meniscus lens Ltt having a convex sanjfcace fining 

however, of the hght team the retxacrmg tens group QJ££> 20 me reticle R» a negative meniscns kns having a convex 

a light beam which is reflected by the polarising beam surface racing the reticle R, a negative r n^i'y^s kns 

splitter 10 may be guided to the catadmponc lens group having a concave surface racing the reticle R, a positive 

G^ft) via the V4 plate 1L In this case, the light beam meniscus lens having a concave surface facing the 

reflected by the concave reflecting mirror Mj hx The cata- reticle R, a convex lens L^, a positive memsens less L^ d 

dioptric lens group G^L) is converted into a p-po!anzcd 2s having a concave snz&ce hieing the- reticle R, * negative 

light beam by the W4 plate 11 to farm the second inrennn- mmS**™* lens L^ 7 having a convex surface facing the reticle 

dia£B irnage 12 in the polarmng beam splitter 10. Aflcr most R, a negative meniscus lens having a concave surface 

of the light beam from the second mtorwrtiari* image 12 is facing the reticle R, a convex lens a positive meniscus 

tra nsmitte d through the polarmngfteflccting surface Khz, the lens having a concave surface facing the reticle K, a 

light forms a reticle partem image on the wafer W via the 50 positive mcnifrcus lens having a concave ^ ify*? lacing 

redacting lens group G^fJ. the retido R, a convex less Ljo a negative rrwdscus Ions 

Second Embodiment b Lu> having a concave surface iacing the reticle R, a positive 

Hie second cnabodnnent is a projection optical system meniscus lens having a concave surfeit facing the 

suitable for a projection optical apparatus based on the reticle R, and a positive meniscus lens Ljjr h avin g * cotvcx 

s ca nnin g exposure scheme and having a rrtagnuacatinn of 35* surface racing the reticle IL The catadioptnc lens group 

l/4x. G^fg) is constituted by a negative mernsens lensL^ having 

HG. 5 shows the overall arrangement of the second a concave surface facing the reticle R arid the concave 

embcdicicnt Retcxr^ • refecting mirror Mi- 

object planes £1, and a wafer W s placed an an image plane A refracting lens group Cj£^) is constituted by a c o nve x 

FIG. 6 is a plane view showing the reticle R when 40 tens L^, a convex lens a n egativ e meniscus lens L^, 

viewed in the direction of a refracting lens group G^ffj) in having a, convex surface facing the reh'de R (partial mirror 

HG. 5. In this case, a bax-&hapcd iUtmrmanon region 22, on 12)* a positive meniscus lens having a concave surface 

the reticle r^wrntarsd racing the reticle R, a convex lens L,* a positive meniscus 

the prpjecrron optical system is iltuminated with Alumina- • lens having a convex snn&cs racing the reticle R, & 

tion tighli Jfroo the ragjit source 100 of the fn»minarTnTi 45 negative meniscus lens having a concave sar&cc racing 

optical sydem L the reticle R, aponhave rneniscus lens Lm having a concave 

Referring to FIG* &-a hght beam passing through the snrface tacmg the reticle R, a negative mrnisnra lens 

flh rrrination region 22 forms a first iruennediate image 9 via having a concave surface racing the reticle R, a convex lens 

the refracting lens gronp-Gj, and a hghxbeam rrom the first a negative mcniscris lens having a convex surface 

mtermedzate image 9 passes through a side surface of a sn racing the reticle R, a positive rueruscas lens L, c having a 

mirror(tobereTjeaedto3sap convex surface facing the reticle R, and a negative rneniscus 

at an angle of almost 45" with respect to an optical axis AX^ lens L^p having a convex surface facing the reticle R. The 

to cover the lower half portion of the optical axis AX V The aperture stop fa is arranged neat the Fbnaer transform plane 

fight beam s then reflected by a ratarnoptric lens group in the refracting kss group Q 1 (t 1 ), t>e>, at a plane' near the 

^(fj) Trrctnrtnig a concave reflecting orirror M A to men a ss positive meniscus lens on the refcle R» The aperture 

second lnfexr nedrate image 12 in front of the partial mirror stop 6b is arranged near the Fourier transform plane in the 

13. Note lout the rafndinpnic lens group Gx(y includes a retracting lens group Gi(f£, ic, a plane near the positive 

retracting lens m tn^cfw, as shown in FIG. 17. meniscus lens on the reticle IL 

A hght beam rrom the second mceixrnectiaie image 12 is The^dnctzon ratio of the overall system is l/4x, the 

reflected by the partial m i r r or 13 to form" a reduced image of gq numerical aperture (KA) on the wafer W side pmage side) 

a reticle paitern on the wafor W on the image plane P2 via is 0.45, and the object height is 60 mm, 

a refracting lens group G 3 (f a ), In additi on, an aperture stop One type of optical glass consisting of rused quartz is used 

6a is arranged near the pupil plane of the retracting lens for an tb* tefeacthag lenses. The system is corrected for axial 

group G 1 (f 1 ), and an aperture scop 6b is arranged near the cinematic aberration and for chromatic aberration of mag- 

pupil plane of the refracting lens group G^Q. 65 niheation with respect to a wavelength width of 1 ran in the 

FIG. 7 is a plan view of the water "W in RG. 5. As Shown wavclongth (193 run) of an tdtraviolet cXcimer laser bcarn, 

in FIG. 5, the reduced image of the reticle partem is In addition, spherical aberration, coma, astigmatism, and 
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distortion 2rc corrected to attain an fl fafr*^ abeiraiioQ»frcc 
state, thereby realizing an optical system having fry^Tj p n t 

m^m^ p^ r^^y*^^TT0 fr ■ 

lie curorurc radii r,, plane distances dp and glass mate* 
rials used in the second embodiment shown in FIG. 17 axe 
shown m Table 2. In Table 2, the 34th plane is a virniatplane 
indfmring the reflecting ?itfae^ of the concave reflecting 
minor M x . 

TABLE 2 
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group G 1 (f 1 ). As shown in FIG. 9, an arcuated fllinnina&an 
region 22 A, oq the reticle R, which is lightly offset from the 
optical uds of die proj e ct in g opacal system is fttn^Tinf^ 
Referring to HCL ft, a light beam passing through the 

5 xtturamaojon region 22A forms a reduced image of a reticle 
pattern o n an czposnrc region 24A (see HG. 10) on the 
"Wafer W through the refracting lens group G^fJ, a cats- 
dioptric lens group 0^(4) including a concave rcflcctiag 
: .mirror M lf a partial mirror 13, and a refracting tens group 

to m cms case, in order to expose the pattern on the 

entice surface of the reticle R. onto tree wafer W, the wafer W 
may he scanned to the light (or the left) in synchroaisni with 
the downward (or upward) scanning of the reticle R in FIG 
9. 

15 In this crntadrment, a second intermediate image 12 is 
formed at the reflecting lens group side of the partial mirror 
13 and is located between the refracting lens group G^t^) 
and the tumor 13. 
HG. 23 shows the detailed teas arrangement in the third 

As -shown in HG. 23, the refracting leas group Grffc) is 
cousrimtcd by in the following ocder rrom the reticle side: a 
positive meniscus leos having a convex surface racing 
the reticle R, a negative m^m"yiT?t lens Wing a convex 
35 surface racing the reticle R, a negarrye merraens lens 
having a concave * nr ^ t ^ !ft Paring the reticle R, i posMve 
meniscus lens having a Concave surface facing the 
reticle R, a cocvex lens a negative menisens lens I^^ 
having a concave anrfacc £icxng the reticle R, a negative 
30 mcarsctts XenS L^^ PXviQg a convex sarfacc facing the reticle 
R, a negative meniscus lens L^g having a concave surface 
facing the reticle R, x convex kn$ a positive menisens 
• kns Lj^ having a concave surface feeing the reticle R, a 
posirfve memscus lens having a concave sarface fadng 
35 the re hole R, a convex lens a negative memsens lens 
having a concave gnfarp racing the reticle R, a negative 
mrmviw lens having a concave surface facing the 
reticle R, and a positive meniscus lens I^jr haviog 4 convex 
^irftm facing the re tide R. The caladioptric lens group 
40 G^fg) is cot^m ted by a negative meciscps lens haying 
a concave surface facing the reticle R and the concave 
reflecting rnirxor M^. 
A r efracti ng lens group G^(f^) is cons ti t ute d by a positive 
lens Lgx bsvzog a comvc .yirfncn facing the 



PIGS, 18 to 20 respectively axe togrtafmal aberration 
charts in the second cmbodimcnl; FtG. lfl shows a spherical 

aberrarton of this emfx^hnient; Fid 19 shows an ashgma^ _ 

tism of ftwemb octiTncTfr; and FIG. 20 shows a distoitiQn, 45 retidc side (partiaTmir^ 

Further. FD3- 21 shows a magrn^cation chromatic aberrxojari lens a positive meniscus lens L»« having a concave 

chart m the second ernlxcHmenL FIGS. 22(a), 22(6) and surface farrng the reticle R, a convex fens L^, a positive 

22(c) show t r ansve r se aberranon charts in the meriiscrts T^rw 1^ having a con vex surface filing the reticle 

tt n h rcfio icn L .» R, 1 laxative meniscus lens Ly, having a concave surface 

Although the second embodiment exrmpliff^ the scan- 50 Lacing the reticle R, a positive menaces lees having a 

rung cxposnre apparatus, the present sOJVeorioa can be concave surface tadng the re tide R, a negative roenjscus 

applied to a =projc croon exposure apparatus of a one-shot kns having a concave surface facmg the reticle R, a 

exposure method. positive oosrescus kns having a convex -fflrtV- facing 

thud Emtedrrrent the petjclp R, a convex lens ly, a positive aicniscua lexis L34- 

The third embodi ment is a projectioa optical system 35 haviuig a enrevtx sm&ce Tjcing the reticle R, and a ccgarive 

suitable for a projection exposure apparatus of a scaumng meniscas lens Lm having a convex surface facing the reticle 

exposure method and having a magmrfofwu of l/4x. A R. An aperture stop 6a is arranged near the Fourier transform 

partial rm'rro x is used in tbe third embcidinient lzkn in the plans in the refracting loos group G x (4), Lx, between the 

second enibodanenl However, an oS-^ds Gght ray faTtTt ^r posirxva meniscus lens and the convex less L^. A 

effec t from the optical axis' than in the second embodiment ' go portion sear the Fourier transform plane in the retracting 

is used in the third emb odimen t, lens group G^Q, Le, (he less frame of the negative 

BIG. 8 shows the overall arrangement of the second n^mscus lens serves as an apertare stop, 

e mhndirnrnr R e f e rY ir rg to FIG. 8 which indicates similar or The reduction raee at the overall system » U**, th« 

Same parts wim the same reference mimcrals is inFla 5, a rnnncrical aperture (NA) on the wafer side (image side) is 

reticle 2X is placed on an object plane PI, end a wafer Wis 55 05, and the object height is 60 mm. The width of the 

placed on an image plane P2. FIG. 9 is a place view shewing bar-shaped exposure region. 24Aon the water shown in 

the reticle R when viewed in the direction of a refracting lens HG. 10, in the scanning direction is 4 *nrrr 



- PAGE 13/58 * RCVD AT 6/10/2004 4:38:43 PM R-astem Daylight Time] * SVR:USPT0-EFXRF-1/7 * DN1S:8729306 * CSID:+ * DURATION (mm-ss):21 -28 



Jun-10-04 03:38pm From-STAAS I HALSEY 



T-882 P. 014/058 F-931 



15 



"5361,597 



One type of optical glass coiisistidg of rased qnaoz is iced 
fbr all the refining lenses. The system is corrected ihr axial 
chromatic aberration and for chfftmarir abeccation of mag- 
nification with respect to a wavelength width of I nm in the 
wavelength (193 op) of an ultraviolet gy^mrr laser beam. 
In a dditio n, spherical aberration, cocoa, astigmatism, and 
distortion axe canceled to attain an almost abcrrariou-rxee 
stats, thereby realmng an optical system having excellent 
imaging performance* 

_ Hie curvature nrin plane distances and g fct s mate- 
rials used in the third embodiment shown in FIG. 23 axe 
shown ia Table 3. In Table 3. the 34th plane ss a virtual pW 
indicating the reflecting surfaces of the concave reflecting 
naxnor M r 

TABLE 3 
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cnTnTTTm of "Fetz/al Smn and Tmagxog Magnification 
p- corresponding £o the total system Gj. 



TABLE 4 



_SoocflleariniH ffan embodiment 
^ 1 ft 



A — 

ID -12*438 
<*i — 



342125 OflCfflO 
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-O474Q0 
-0.7S928 
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-024*41 -0*4341 
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34 




QJJ. 




2 
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7t n 
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' 240 




41 


7ffl 91 


244) Sto, 
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42 
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3J) 




10 


— n&49 


7n 


43 


-1582,73 


15J) 




11 




24,0 


SIC 4 


44 


309JD 
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60 


45 


~337.fi 


28.2 




13 


X3L04 


12*4 


Sl0 2 
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-^156.44 


30-4 




14 


78J1 


4SjO 




47 


225.23- 




so, 


15 




i&o 
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15 




10 




49 
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140. 
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30129 


364 
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50 


41&42 


27.0 




33 


-17123 


tTJ 




31 
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SO* 
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-174*43 


30J1 


so* 


52 


-739.40 


4&JQ 
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-154.46 
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S3 


-2S9.S0 


24.7 
15J> 
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-20S.73 


27J3 




54 
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23 


279LSD 
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SXOs 


36 


-8858 
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SiD, 
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59 


■ 19TZJ54 
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3O0 
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24JT 


sa^ 




. *999jD5 


15 


2fi 


-S<LS4 


J2-2 
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54jJ 




29 
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1W_17 
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_SbedfleutoM of sceoad aahadmiCTt 



G t — 342L107O00&11 0115168 -O4S807 037803 

0j -124*833 110J43 -002257 -043D914 -O8077C 

O, — -101285 OJto&S -06X8653 -O«108 -066108 

— — QXC2E2D — -024994 -.424994 



TABLE 6 



4 Pt ^ fl, 



30 Gt — 22I5J2ZOJQ06£0 0131330 -043865 034218 

Q) -125.722 208,028 -002172 ML426192 -O780075 

_ -M7J60Ofll4SO -06239© -0.7nD*8 -O73104? 

Of — — -QjQGOQJ— • -O250U ^L250U 

35 . Further; based on Table 5 to Table 8 f vahica m r^l^Mni 
tp I +pz+p 3 t iPal. and |p| in each 
embodiment and the fallowing Table 9 shews the cafcalaied 
values. 

40 TABLE 7 



45 



FIGS, 24 a$d 25 respectivtly show toositodmaj aberra- 
tion chart; in the thud embodiment; FIG. 24 shows an 
astigmatism of tins embo^hmcnj; and FIG. 25 shows a 
extortion of this embodiooenL Farther; FIG. 26 shows a 
mag nifi c ation chromacc aherzanon chart in the second 
emfa«hmfiat FIGS. T7{^ 27(h) and 77(d) show traverse 
aberration charts hi the mod embodiment. 

Accocdmg to the pvcseol iflvcnrr'nn. relatjens (1) to (6) 
above m preferably whsficd. ITie rrhfir>mnfp between 
each of the above embodiments and tho relations wxU be 
described below. Tables 4 to 6 lespccrrvely show the cur- 
vature ndii I* of the concave wftecting minor focal 
lengths ^ of kns groups G c Qml to 3), Fetzval sums 
irnagwg na gmtotfn os ^ magnfflcatrOns p ff of the syn- 
tactic systems of die teUTucdng leas groups G, and the 
catadicpttfc fcos group and magnifioatMns p a 'of the 
tefiactmg lens groups G 3 . Note thai evfc total system is 
represeaEcd by and a Fetzval sum p r and 
xaa gnffici aon B of the total system Or are writtea in the 







0A2176 


ojeud 




-002142 


-0^2157 


-0-02172 




OQOQlO 


ostium 


□JQDD3 




O47409 




OA386S 




076928 


0.80774 


0.780075 




0*68336 


0.S6108 


0,731048 



As is apparent fiom the above tables* relations p.) to (6) 
given above are satisfied in each of the above embodiments. 

In each embodiment described above, as the half mW 
a compact mirror covering a half portion of tho optical ams 

SS a used. Howevet, as the half mirror, a paxoal reflecting 
minor conshmted by a laxge ^l atr ? and having a 
mflrrling film fbrmed oo only one smfacc side of the optical' 
axb may be used, Alternatively^ as die half minor; a prism 
type beam splitter having a reflecting film formed on only, 

60 e^ the lower half portion of the joined surface serving is 
a reflecting surface may be used. 

In each ernbodimeat described above, quartz is used as a 
glass maTrrrfat for a referring optical systCJOO. However, 
optical glass such as Soorito may be used. 

65 Next, an embodiment of a common exposure apparatus 
using tho catadioptric reduction projection optical system 5 
of the present invention. In (his embodiment, as shown in 
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\ FIG. 28, iho fint rerractmg leas group G a (4) Tnrnirfrs & a first imaging optical system having a positive cc&sctivc 

reflector 14 c hanging a traveling direction of tight that power and for waning a first intermediate image as * 

travels in the first refracting lens group G^f^ Therefore, the reduced image Of the pattern on the fint surface; 

mrew^by qptol axes AXLi and AXli shown m j bawScmW flfil WS«MttoIayaS: 

FIG. 23. The techniques reUrlng to an exposure apparatus u * JUk -* t a/ascm, 

usmg a catadmptric projection optical system is described, 1 second imaging optical system including a concave 

for example, in Japanese Laid-open Patent Application No. r eflecti ng mirror £oc teflcctmg a light beam split by said 

5-72478. or the hire, beam splitting means, said second imaging optical 

As described abovo, the preseiuinverttkjaiSQOtKmitcd to ' system having a positive refractive power and £br 

the above cmbaduncnls. \aricoo changes and TT^j flc u fi ftT W - fonnmg a second intermediate image as an imag e of the 

of the, RmJvxIfmgrrf*. em he. made without depa r ting fan tfao * first intermediate image; and 

spirit and scope of the present nxyenuou. a tmrd irn *giPg optical system far fanning a third intex- 

*JEl^E^*1E KK*S£5 mediate image as an image of the secor^ ir^dlalo 

a M EfS^^S,^^ is image on the second surface on the basis of a fight 

surxacc] and the concave reneefmg rmrroa; and the second- w_.zl _ «_t* u M _ a--. , . - T 

ary imagin* ooeraiion is r^rrnM between the concave jj^^lffi,*^^^*^?!^*^ 

ttw reason, the beam splicing means far sphmnga light 2. A system accoxdmg to d*m 0, wteroin sud beam 

beam meident on Che cortcaveldaectmg rmawW a light . splmmgn^saj^t 

beam reflected thereby can ba reduced in size, m-aititun, 20 ?f first intCOTcrhatc image and the second intermediate 

an imag e fenced by the secondary imaging operation iniage k formed in said prism type beam splitter. ' 

is relayed to the second surface via the third imaging optical 3. A system acccrfmg to daira 2, wherein an optical joas 

system, the optical path from the concave reflecting mirror 9^ paid first iroaging optical system corresponds to an optical 

and fee im^ga pLme canbenctto bo mffigWiy ^ ^ axisof said serxrai imaging optical systern, arw said beam 

worJcEng distance r ^ ft bo mcreasedi Furthermore, since the 35 flitting means is disposed between said first imaging opri- 

inugmg magnification of the first imaging optical system ^ system and said second imaging optical system. 

, can be axbiirarily changed within 1 p redetemmod range, 4. A system according to claim 2, wherein an optical axis 

excellent optical performance can be realized, °f f^d se c o nd imaging optical system- coijcaponds to an 

An aperture stop can* be arranged in the firtf or thirf optical axis of said third nnaging apnea! system* and said 

imaging optical system (or both). For tfcb reason, the an bea ^ sp litrmg means is disposed between sail second 

coherent meter (cr value) can be artutraory controlled. imaging optical system and sail thud imaging cptical sys- 

In the convtmional catanlnptric opncal system, since the " to£0, • ^ • 

optical axis is deccntcrcd, an Qpeearbn b dtfficalt s * ^ SV5teia ^ccrmnng to c l ai m I. wherein said beam 

to petfbroa, It.o, therefcre, rtiffTmlt to realize designed spKttmg means is a paiOal refiectmg mimr far partially 

imaging performance. However, in the oadfoptric remic- 35 reflectm 5 a igni beam, and the second lruetmcdiato muge 

tfanpxojecnon epocal system of me present mventinn, since 13 farmedjecween said beam splining means and said 

the optical path can be oefleotod near the first or second ooncave r efl e ct ing cantor of said second imaging optical 

mtcrmcdiate image, the arrversc effect of any rTrrmrrrfng system. 

error cm i ma ging ^ h ara ct^ rM^ h ^malL In adcfitfcn, far 6. A system ac^rding to claim 5, wtercm said partial 

example, when me optical path is to be dejected near the « reflcct " l 5 ™rrOr is disposed So as to avoid optical axes of 

second m teanerl atc image, tfao first and second imaging **** ^ trnW-inxamng optical sysvais. 

optical system are integrated into one system, tod this ^system according to claim 1, whrarcin the fanowiag 

system and the tohd imaging gpocal system can be; fade- CCmdiDomJ am Satisfied: 

pendently adjusted. After this acgustmeat, the two optical urwvxs t**a 

systems are arranged Such that their opneal aacs arc almost 4S PtW^fPi » 

perrjendfaular to each other. Tnerefbre, dccsale n ng adjust- and 



*r*+n* and the A^f- can bo easily pcrfanncd. 

When a prism type splitter ia to be nsed as a beam frvAr'ftH&i 

apKttxng means, since a- compact prism type beam splitter where p x is the Petoral snm of said first imaging optical 

can be used, a to cri or adon in imaging charaaeaaics due to so system* p^ is the Petzval sum of said second imaging optical 

noanni&an chaiaocriszics at the half^raiiffrtiitring surface system, and ru is the Petzval sum of said tmrd imaging 

of the beam spKxter can be manccd, hi irMirin n, the blanket optical system* and the Mowing conditions are satisfied: 
water e^rposure scheme can be osed with a large rmmencal 

apeimrcnriHke a ring field Optical System farprojectiig only OaSpJSl, 

an anxrolar zone by using an off-axis beam. Si usl&Jsz 

From the invention thus described, it will be obvious that 

the invention may be varied in marry ways. Such variations QJ5gfo^$X3 t amd 

am not to be regarded as a departure from the spirit and (ft^M-a 

scope of the invention, and all such moc^cations as wouM - - 

be obvious to one skilled in the art arc intrnrTrd to bo a where f3 s is the magnification between the pattern of the first 

mclxtded within the scope of the following claims, surface and the ft* - ** j nrrnncd fc 1 ^ image, h* the magnirx- 

The bask Japanese ^mlicaann No. 15S35Q/1994 filed on cation between the first intermediate image and the second 

Aug. ^3, 1994 xA hereby xoanpetalcil by tn&rencc mtamiedUle imago, and gtj £a the mngrrrfi ration bctwc&a the 

What is ffi ^ i TPf*! ist seccaid itttermediate image and the third intetrnediate image. 

L A cacadfapaic reduction projection optical system far 65 8. An exposure apparatus comprising: 

projecting a reduced image of a partem of a first surface onto a first stage alb wing a pho tosensidve substrate to be held 

a second surface. ^QtDl/t unngT oq a rj ^i^n surface thcreor^ 
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% second stage for supporting a mask an which a prcde* beam splitting means is disposed between said second 

flTfmfr re* pattern b fanned; imaging optical system and Mid. thud imaging optical sys- 

smfnnrrhnaKnn apticalsysiem for emitting expo sur e lighi , 

of a prtdetenmned wavelength and transferr ing foe 12. Ax apparatus accocfiog to claim 8, wherein said beam 
pattern of the mask onto the substrate; and * Spacing means is a partial reflecting mirror for partially 

, ~*Ai—T-t* w«a«^r, «r^^ reflecting a lighi beam, and the second mtexrneniate image 

'^S^^^^^&^c * *nn?d Sen said ^ «^ „„ a* ^ 

* S^du«d irnagfof thopanemof tenU mirror erf said second mxagu* op** 

onto the substrate, said caiadioptric reduction pcojec- ■ sy \l m \ n *-m«fin«x rf™, r* ™>™„ - 3 m 

*eo optical system inchnHnc 10 ^^A"^ according to cLnm 12, wherein said 

^ ^mcu s/=«in 111 J> ^ partial reflecting major ts dxspesed-so as to avoid optical 

a first imngin g optical system hwng a positive renracrive ar| t Q f 5 ^ fiper *nn rtifrd ftwagfog ^irfgal <y;tem^ 

power and for fircnmg a fitst intermediate image as a j.4. An apparawsj according to claim 8, wherein the 

\ reduced imago of the pattern cm tlm niask; following conditions ire ^Kqfig^ 

beam splitting means for spttrring at least part of a light ^ 

beam from said first imaging optical system; Px+fa^PtfO, 

a second imaging optical system mcmdfng a concave . 

T^fl f r t in ^ rmrm r frn» raflegft*Tig a ft^fit heam split hy xaid 

beam splitting means, and for La ming a second inter- jp^^^dLl 
mediate image as an Image of the *fi"* ^ p»fifp^^i*»»» 30 

image; and where p^ is the Petzval sum of said first imaging optical 

a tfagd imaging ophoal system far forming a fluid inter- system, p a is the Petcval am of said second im a ging optical 
Image of me second intermediate system; and p^ is the Petzval sum of said third imaging 
image, on the substrate on the basis of a light beam, of optical system, and the following condiiicns are satisfied! 
a Hght beam fiooi said second imag in g optical system, 35 . . _ 

which is spHt by said beam snEtiirog means. aaspjai, 
9. An apparatus according to claim 8. whexein said beam ajsjajsa, 
splittfrtg mea ryi is aprism- type beam spKttce, and at least one 
of the fiftf ?tst ai ii u "Tr«»i^ image , and the second w'^mr^fo!* oassiBjsiX-J* 
image is formed in saH pnsm type beam splitter. 30 Ipvpyftlci 

axis of said fat imaging optical system corresponds to an where is tl» rnagnificatton between the pattern of the first 
optical aria of said second imaging op tical system, and said surface and the fixst inlcrroediate image, is tit magnifi- 
beam splitting means is disposed between saM fltst iaaging canon between the first mtermcdiate image and the second 
optical system and said second imaging optical system, 35 intermediate image, and k is the nwgniflra tion between the 
H_ An apparatus acOTidmg to clami 9, wherein an optical second mtrnpr^iate image and the third irdennediata image. 

opdcsl g ' y ^ Bt of 5ud tbird f^^^wg opticsX systcQx^ &nd s-8?r1 • • • # # 




CEHTICIftATg OF CACSIMILE THAMfiMISBlQrt 

1 hwefty certify that this cowwpondetiw is being tmn»- 
mittad vis facsimile to: CowmsakmaforPatoita. 
IKX B0> 1450. AbcBfflfcta. VA 22313-1450, 
to lo aUnA— t fl6teV 
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IA. A Catatflootric imaging optical system in a projection 
exposure apparatus fa which a pacem on a reticle -placed on a first 
surface is transm it&^d onto a substrate placed on a second surface, 
coiflonsmg; 

a ficst dioptric imaging optical gnb-flvatcm: 
acatadicotric imagmgopneaJ snb-iystEm, fn an optical 
path bet ween said fiistdiopmn brag^flqrjticalsab-svgtgm and the 
second surface, eormTrisirtg a cOncayo mfrror and a catadfqpQrtq 
optical axis: znd 

a second dioptric frnagmq optical srA-aygtem fri an' 
optfcal path h etween said caradkrotric imaging optical gnb-3ystem 
and the second surface, comprising a sreumLdigptric optical aro. 



ferrnmg a pr rory image between the first diomrie 
foiUmg optfcal ftih-systcm and the cafaoloptric imaging optical 



a primary image B formed between aid 
first <goptri e imaging optical siih-svsfj-m and said catadkntric 
imaging Optfcal aab-aygten, 

a secondary image fa .formed between said 
catadioptHc irrngjrigjBprjcal 5arixvstcrn and said second dioptric 
nnaftrng, optfcal snb-yptcrn, and 

the fiaffldimrfric optical axis fntjgMB the 
second dioptric potieaV axis;, 

■ 

1& The ocrJcal svggm according to cfcirm 15. wherein said 
Uoptric imaging oprical sub-system fiirthor eompreca a 
negative power lens. . 

17. The optical system according to claim 15. further 
• ^tprn^irror located offtfac second dioptric cotical 



18L The optical system accordhrg to claim 17, wherein the 
secondary imago ia formed between said taming mirror and ma 
copcavg ortrren . . 

19. The optical 5VSten acroidmg to daira tl farther 
comprising an aperture stop in said fat and/or second Amtric 
optical subsystem,, which controls a coherent factor. 

20. The optical system according to cfann I^jyncrern me 
Second dioptric optical na a alnng a straight line. 

7l - The optical system accnrtm g_to elann 2a wherem aaid 
gr^.dioptrieima^fnff gggcal sub-ervstcm conroriies a first dioptric 
optical axis a long a straight fete. 
I 

2Z. A pmrcctiori gacpcsnrc apparatus which transfers a ud ttu. 1 1 
on a reticle onto a substrate, umnuramgr 

• ^eattanoctric imaging optical sv^em according to 
cjaim IS. whsrCTsaidcatablrjctf^ forms 
an exposure am at a poamon off the sr^ ddumtric optical nds, 

23, Jhepra jcefjon exposnrgappantus according to efaim 2^ 
y^hcrem the reticle and the gnbatnfc are scanned at different 
ajeeds eniTespCTdrny to a mag mficarjon of said catadiootric 
imaging optical system. 

24. A method of hnagmg a pattern on a reticle onto a 
substrate, camnririnte 

passing a light from tha reticle through a first dioptric. 

imaging optica l sub-svstcm: , 

paging a light from the first ifiontn'c imaging optical 
solKgystem ttrroogh a CTtadjoptric imagh» optical subs ystem 
having a concave mirror: 

passinga light from the caradicprric cotfcaj sub-3V3tem 
through a second dioptric imaging optical sub-system: 



forming a sceonnzry image between, the caradipptric 
rmagrng optfcal system and the second aloorrie i maging optical 
^.^TOLand; 

turning an optical oath near the Primary image. 



25._^mcthod of rmaghig a pattern on a reticle onto a 
substrate^ comuimuigj 

: . passing aught frryn the reticle tWgh a first dioritrin 

ttrrggrng.opttcal JUb*tystein; 

passing a light from the first dioptric imaging optical 
sub-gysaro thrpu^h a_catadjoprjfe mttgimi optical SnSsvstem 
^avfng^ Concave mft 



p^'ngafigtenWttccataolopirico^ 
throngh a second dioptric imagmtf optical snh-symw- 

ronnmg a prmmrv image between the first cfiotitrfe 
jn^agng_OPtieaI sub-system en d the catadloptric imaging optical 



fonnmg a secondary imago between the etfadjoptric 
jmagfng. optical system and the second dioptric imagmg optical 
Sub-avstem; appl 

twning an optical path near the aecoimarv imago. 

26. The method accordmg tn_d»fm 25. wherein the optical 
path Is mrned b v a narmng mirror located offan optfcal axia afth^ 
second dioptric imaging op tical stib^ryst£ffl. 

-The method wTOrdmg to claim 25. further compriaing; 
eoncfnlEng a coherent ftgtef_Q3ing an ancrture stop jp the first 
and/or iiCCOUd Ji^pfa tc imaging optical sno^systeiiL, 

^S- The rnethnd_ar^rdmg to claim 27, farther comnrising 
aiiaiiKtug the TCticte and the suhsrrate m be parafleL 

3^. The method according. to claim 18; ftirther eemprising 
ttirnfng an optical oath hi the first dioptric nrmgmg optfcal snh> 



30. A catatCoptrie toaging optical ayatern ip a nroioction 
egpoflura awaratM in which a Pattern on a reticle placed on a first 
surface is transferred onto a substrate placed on a second surface, 
cu rnpri smgi 

a first dioptric fmagmff opfiral snr^rystem; | 

a catadloptrfe imaging ootieal sttb^system in an optical 
pftttt b etwee n said fir st diuu tficnnag mgo utnial sub-system ^d the 
Scuusi d sm£tcs. coniui tSutg ACOucuve irnrror? 

a second dioptric imaging oprJcai sab-gyatem' in an 
flprlcal jjAlfa benvetil said cattdlQrJtHC JlUkgrng optical sub-system 
and the Second iiuQcej and 

a_hinjUjg_rnjrror^_betwecn_s 
^gtTcal_sv^tpg_a^d_Sjid_secjrjd_Ao^ sub- 



wheram 

a prirjary miage ta fibrmed between said 
jj^_oHoprrie, ifjngmg^ and gaid eatadtootric 

intagmp o ofjcaj sub ^Vjteny and 

a Aecondary image is formed between said 
nfadiopotc inragirig ppisea|^suo«5ystem and said second dtoopnc 
imaging optical ! rob«3vstgm. 

31. The optical system according to claim 3Q> wherein the 
secondary image a formed berween said turning minor and the 
concave trnfro^ 
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32. The , optical system according to chrim 30. farther 
cnnsprisang an aoCTtnra ^pp ?n m4fil^_gnd/or geeond diopnic 
optical giib-systern. which controls a coherent factor. 

33. The optical system according to claim 30. wherein gaid 
gewd dtoj.tric trnagjn g_o ptfeal stib-cffteni ,haa an optical ana 
along a straight Img. 

34. The optical system according to claim 33. -whgrm said 
first diontric fma^tif optical .itih^vstetntoin optical aria along 
a straight tine. 



optical path between sa^cttadtoptrfc wnagtrrg optical fnH»sv^**rY« 
and the second soriace, comprisittgan optical ccfcalonga 



35. A.iiT qiP!tionc^.y0auicAi 3nai Atm Which tub jfcrj apaTtcnt 
on a fencle onto a sabsttate^ co^non3tng? T 

* k _ a. cgtadJupirCe JnT^^^qptHaj gygtcm. according to 
cfaito 30»X8rfiaaU Saidc3tidiup^iOiniapiTigo;iticgl gyiag rn M t fcrcw 
an c^a^re.ai^ og.an, optical axja_o.f_3ard sccW dioptric 

™fk ^^yfa^ystcpx, 



T^herd n the rcticic and the anlivti Ate are SCumed at daffgfgifc 

ja jji?fa ,j^T]p^3flj^diBi^ttLja cutti l to ptfio 

fauigrog^gbca^syjsrteiiL 

37. A n^io4_oflTO^ong_alpatteTO-qo a reticle onto * 
Sfabstrate, comprising;. 

: a primary image of the retfefe by a first 
-g.9_Hsht n froitt the 



dtuptnc imaging optical 



reticle 

farrnmg a aerrmrfary frm^ of the rencfe t«W a 
catidfepttfc gnagftifi optical aob-sysfa? lnKffip 



based on light from the first diopiric faiagmg optical stri^syrttnc; 

fecrmng a, final frnagq of the reticle cn the rabstrate 
astng ^seeimd^G^cjm^h^f^X^^atKXU based on light 
frotil tfte catedniutrifi gnagrng Optical system; and 

tuniuig an. c<pci ca I M iKifli .be tween the ^ ^ff ffrrtrfn 
imagine; ontigit_sy^ternt and trig second (Supine ftn*tfrfHg Opticil 
sub-system., 

33* A catadtoptnc luutfiugjopftcal systcni in a proiccticn. 
CjCuusuio appxratra jn which a pattern on a reticle placed on a first 
smfiee fa tnucslci icd onto a johatrate placed on a seco nd surface^ 
«tnpriainy t 

I ajisi diuulm? iniagingeujuad sqp-gY «nEra coraprfcripg^ 
an optkaLaro along.* straight lmg^_ 

acataduiutiic imagglg Optical gnb-syshgnjejari i PpHcal 
path between said first dioptric imagmg optical spb-gystgin and the 
.second surface, afriUflrlsipg a congave mirror arwt.au optical arcs 
_aloog_a straight linci and 

a second dioptric imaging optical sub-system; tn an 



39. The optical system according to efaim 15. wherein said 
first .dioptric imaging cmttcal laovgygteai. gaid catadiopm'c 
imaging l^ijUcal ^fflp/^s^al^iL..artd_aai d^ Second dwotrfc imaging 
opdea! sdh^rfstm farther comprise lenses having the same 

40. .The optical avatena according to claim 15. wheremjhc 
fflgSl system satisfies the feflowtng c^nditwn^ 



i B, fel a tn agni fication for said first diop tric imaging 
Optical fldMggttnu tV ts a na agnhicariort fer gud_eitadioptrFc 
faiaging opti cal anb^aVatcm^ And & la a imyuiia^atio n far sajd - 

sgrpnd pjoptrfc imaging sub- system 

ft 1 .' ^" s ^ stisn According; to daim 15, firra^cr 

ggBSSSS ft tnrrnpg mirror._aod wnargm the , first sgrface is 
pgraRel to tha second surface. 



42> .Tig optical system aiaaJuJIug to daipl 41.^hcrcm said 
tg^ssjit^rjiji ^ald flt-st, tHuvL iC imaging auh^ystBHi. 



43. ^ rrtrfhod of imaging a pattefli.crn ,a m redde onto a 
snhatiaic, comprising^ 

ft roaing aDtiiuary image of the pattern using a first dioptric 
Tuugjug qptical snh^aVSteqi coyiwiismg afirst dioptric optical zxi^ 
alon^a^L^htKne; 

fenoing agecoTtdary image of the paltein mnig a catedionrxio 
iniagrog opdeal sfnb-avfltsin cjQTOprfsing a co>fi4tfe o?^tTor T and a 
catadioptric optical rda a!ong_a grajjght tfnc, the second tmaqa 
heinH foamed aaing_Ughtrecg rved fi Qm the first_dx<^iLk; trnagiiiij 
opgcal 1 stdv^vffflrn: and 

fbrnjTng i final image of the pattern on the robstrate using a 
second dioptric imaging optical gubrsvaimi C6ui^rd>iPg a secnod 
dioptnc optical axaalong a atraight line, tfu^ rtraUoia^ b^nq 
fu n n ed fljfrig Hght lecciVed Bfom the atadimitric tnragfng optical 
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r :.p7]" ABSTRACT 

A cata tScgbjc projection op tica l system b piuvicte^ u fa'e^ 
can use i beam spE&iag optical system sculler kx si& than 
a conventional polarizing ten apUtca; can set a bag 
optical path fium a ccacavi; reflecting cmzror to an imagp 
plane, allows easy acjnstincst of the optical system* and has 
excellent acoagiog pcrinnaagca, AKght bean fan an object 
sqx£ajg5 £)sQ2s a n^st intsnnediafifi n}23^e th^on^^a a p^fi •tt^^rij i? 
ImxS fftfopm AEgat beam fiom the ftnt ffltetmpdate image 
pas^tbioughapclari^ 

a couwve reflecting m"inn to fhnn a *^° n nr.1 intennediaie 

jpag e rn tfi e potarrHitq bcaHl g ptntt ^r, Jj^Bj the 

rtr re mFi mtensediaie ftwagp 'is p*fl*t»^ ]jy the polarizing 
beam spKfffr means te fom a final image an thafeagephae 
Txd a icfractiflg igw* ^luup. Tbc polasxang pcanl s plitte r 
nr^rfl^ a ananged nr ar lac p^ntin^a which inicxms- 
Eatc images 2r± fo rmed . 



ftgRnFl^rtTF OF gftcsiMH p TRflN^MlS stQI4 
I fifiwoy ceflrty that this com^xxtfance b being trans- 
mitted via facsimile toi Commissioner for Patents, 
PA 6ox 1450. Alexandria, VA 22313-1 450 

Bate lo ^' rt r° — 

34 S§ 
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1 2 

CAT^DTOPTKIC REDUCTION PROJECTION a Kgjit beam near the optical axis is disdased in, ca- US. 

OPTICAL SYSTEM AND EXPOSURE Put. Nos. 4^53,960, 5,22^454. 5,039,913, or S.IB&M. 
APPARATUS HAVING THE SAME 

SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION s Tto ^tioo h» « to cbjca to ptwj* , 

L Fi=ld of the Invention catadjoptrie redncaoa proj ec ti on optical system 'wtncli «m 

Ho present invention relates to a candiopaie (eduction * b ' Mn , spI ^ s : °P* al ^f 51 SB, » ner to «» km » 
o^^^ap^mptoiecdon^^ . p^m^SSSo^^SS 

method, used to manufacture a sctmcoiuhictor element ar i 4 ~f inan ^" . 

Kquid crystal display element in a pfcnmfimograifcfe pre cess It jamtlier o^eii of the present invention to provide a 

and, more particularly, to a catadsoptric redaction projection catadmptnc redocfionproj ecticn optical system, which can 

optical system having a magrmicaliDn of about 1/4 to 1/5 ^ te ™ s « ^ ^^^hi^o^^sys^isaai^^ 

wiih a resobiHon cm toe snbzmcrozi older in me mtraviofct ' pcladza g bean splitter and ami has a space in which an 

wavehmgth range a^rtxtre slop can be arranged. 

2 Related B aojm rotiod Art fcfc sffl another object of the present nrvemma to provide 

m faljncamijc scmicommctor devices or liquid crvstal * catadl ^ ,lnc J»*» Ptfecdv optical system which 

Jcctkn exposure apparatus k u^fo £na^i^ mrouj e^c^ stof ******* * ^mmmg 

a projection optical system a pattern image on & reticle (or _ ! - . , 

pbotomast etc.) toexanmle at a ratio of about V* to 1/5 to The atacxsptncr^cti^ pm^coos opucalsystem can 

effitd closure of the image on a wafer (or glass plate, etc) <* a *P hfid * capo50re ^pparatas of ascamfiag. 

c^^tphotc^^a^ the like. '* ejpc^Kjethod. based cm «AeH^htti«| 

ffirii rtv «Lnt a, a ^ such as a polarizing beam sonnet and the like. 

» "TC fg g r *c mt^atmn degree of Besides a prelection «e^^ 

^^^^i a S^ ™ ca^paric^^, project** oprkal 

jcengedte a pwjcc^onoptical system Used ma projection ^ m can be also applied to axt^^pozatitsemployiD? 

wavelep^ ofima nmanm 30 fc s^^^^ ^ te eSecm* e»os^ while 

erpesnre mnstbc statencd, « the numerical aperture fNA) scanning a reticle and a wafer to a projection 

or me projection optical system must be increa sed* It optical system. 

bcrao of the ab^rf ^t^^fapaxtial^ * SS^^T^S fstffSSS 

m^rrWaU surface thereof, an 2hmiin^ 

_ __ _ ' „ camosure Kght of a,preHrtrnmne4 Warden gth and txajgfer- 

Tbe OilIL iuaa, between the Abbe constants of the syn- ^ ^ a ^r.trxmii^A ptft^m nf i frrtirk r) q^q ftp 

ihcdcqqarcg aad the finorite is not large cnongji to correct substrate W, and a caLuEoptric reduction projection optical 

cfaromatic aberration. For th» reason, if the exposure wavo- system 5 provided between a first surface PI on which the 

fengm becomes 30D \ jm : *t less, ^j^jec^^optical jna^ R » disposed and a second sux&ca K5 OD which a 

systc a g c en s nn j t ea oy latt'aciipg comal system, $nrf *** r>fih+ mtemfr W i*. rnp^™M, fKrpmjfw a g an 

dmmatjc abertadon cpriectfaa b very difficult to pcrfenm. ^ ^ ^ paltera 0 f ^ maskR onto tbesnbstaileW.'nie 

In addiUoo> smce nnotite mwrgecs a consnoule change ^»»^a tj m t Ogtt^t s yr^rv l me>™^« aK gn m*nt f^ptiial 

m re&act£v4 index with a change m tenmeramre, ix^ has system U0 for adjusting a- relative posinona betwee n the 

poor toiayrailOT c^rteg ti^ tn& irrvolves many prob-> masfcRandme snbstrate W, and the zn^ R is disposed cm 

terns in a lens po teWng jareeess, flnonic jcannot be teed for r 2 which is movable m parallel wim respect to 

many portions, U is, therefore, very difficult to ftmi a ^ ^ sm^ce of the wafer stage 3- The catac^mo 

projeenozi optical system having a teejnred som tfon by redaction po^jecnon optical system has a space permitting 

using only a lefrac^ig system. 24 apermre stop 6 to be set therein. Ihc seositivQ sobstrite 

m contrast to tms, attempts have been made to form a W composes a wafer & such as a silicon wafer or a glass 

projection optical system by using only a reflecting system* plate, etc, and a photosensitive material 7 such, as a photo- 

In tiits case, bawever, Uic projecden optical system increases & resist aod the like coating a surface of me wafer &\ 

in ^izc and requires aajghc rinil icfl rrfin g su rtarxs . it is very In particular^ th& catadioptric reducdon projection optical 

d^lt to manufacture large, high^cisioa, aspherkal system, as shown in FIGS. 3 and 4, mcmdcs at least a first 

SUikws* imaging optical system having a focal length 4 (refracting 

Under the drcomstanccs, vadOttS tnrhnifpm have been Inns gnmp G a (fJ) having a positive refractive power and tor 

proposed to farm a ndnction perfection optical system by go forming * first intermediate image 9 as a reduced image of 

nsing a so^alled catadioptdc optical system constrmted by the pattern on the object plane PI, beam splitting means 10 

a combination of a reflecting system anda p=fcactmgsjsam for splitting at least part oC a light beam from the first 

consisting of optical glass usable in relating to the exposure imaging optical system, a Second imaging optical system 

wavelength to be used. As an emmplc, a reduction projee- having 1 meal length 4 (eatadloptrjc less group (^(4)) 

nort exposure apparatus including a catadicptris projection 65 ^t^^tt^ ft concave refleenng mirror M x fbc rejecting a 
etptfcal system having a beam splitter ccasnmted by a cubic ' light beam split by the beam splitting means* and for 

prism and serving to project a reticle image entirely by using forming a second intermediate image 12 as an imago of [be 
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3 4 

first istengedUte image 5, and a third fmngrng optical splitter 10 (PBS) is used asabcamsjJittmgmcaisaadiowa 

system having a focal length £ (retracting lens group Gj(fJ) in HGS. 3 and 4, (be system is ™'ft»hv_ for the one-shot 

for forming i third intermediate imago (a final image) as an exposure method even though the system Can be applied to 

imago of the second intermedia image 22 on the image the Tanning exposure mMhr^ J fa iU™ case, a light beam 

plane P2 on the basis of a light beam, of a. tight beam from 5 incident on the second imaging optical system (catarftoptric 

the second imaging optical system, which is split by the tons group WSlO *od a fight beam reflected thereby are 

beam splitting means 10. sptLt by the polarizing beam splitter 10 to be guided to the 

Sincfe tbg firs* Tmag?i>g optical ^fATrrt fij^Fj} fa rm a * fir ^ subseqncni optical system. In irirHft'nn, the polarizing beam 

reduced mtrmnecHate image m an optical path from the ' splitter 10 is arranged near the position whsxe me light beam 

hnagz plane PI to the concave reflecting mirror M 4 (or 1° ttfoensed as the second int e r med iale image 12 after the first 

the beam splitting means can exactly cany out the splitting mtccxediaie imag e 0 is formed, ie*, the p onion where the 

Of ih'ghtbeam&nm the m^nnagmgophcal system (^(4). Tight beam k iTHgngfygfy fngncgd. Therefore, the pnTftrr^tig 

Since the second imaging optical system 0.(4) mrms a beam splitter 10 can be reduced in size. In addition, die 

second mtcxmcdkte image in an optical path from the Mantel warer esposnre scheme can be employed Unlfoo a 

concave reflecting mnwr ^ (or to tile mird miagmg * so-called ring field optical system for exposing only an 

optical system G^fjL a smaller beam splitting means can be annul a r aone by using an off-axs beam, 

nsed in (he caiadiopcric reducdon optical system of Ae a ddirion , by using a Kght beam from the second 

present mycotica. Additionally, as shown in HGS. 3 and 4, intermediate image 22, an image can be formed again on the 

the second imaging optical system can be nsed the second smfatt; £2 by the third imaging optica l system 

concave inflecting ■■ »" ■■» M a so mat the minor Ms Sand* ^ (refxactmg fens group Gji£). For this reason, the working 

wiches me beam splitter 10 with the first imagmg optical distance from, eg, a Wafer placed on the second surface to 

system G l (E 3 ) and; also Can be used the co ncave reflecting the third imaging optical system (J3jfJ)-caiL be set to be 

mxxrer ^4 so mat the wrfw™ Mj sandwiches the beam kng. In addition, since an apermxe stop $ can be easily 

splitter 10 with the third imaging optical System G 3 (£ s ) 1 arranged in the third imitging optical system (G^)), the 

If the beam spatting ™»*™ i3 a prism type beam splitter 75 coherent raolbr(tfvahic) as me ratio between the nnmedrad 

10, at feast oqc of the ftst and second mieanlcdiatc images apertare of the ffl CrninaHn a optical system and that of the 

9, 12 is preferably formed in the prism type beam splitter, projection optical system can be corarolled in a wide range, 

opnol sjaaa tea gn*P shown m * ^ 4^ (NA) of the ptojettjni optkal 

^J: « » - T*. " The preosaon m neeyiTTtermg the optical mns at the deflecred 

™^ 13 leflMto S M> «d fi» portal nrfctfing XSu^htep^JSto^ 

• frif rea mpti *^ ftiA ftp tirftl path of a tight h*»tn frflm'tfi^ -'segpnd 

Liaddxnoa, the fo llowmg mentalities are prc&rably sal- * ma^g optical system (G Z (L)) is deflected by me polariz* 
™™t ing beam splitter 10, decent rrring of an optical system 

_ .--o . — constituted by the first and second imaging optical systems 

AWW ' w (G^fJ/G^y) and driMtering of the third imaging upucal 

system (GJ can be mdeperidenily anjosted* Ihexcaficr, a 
^ii^jj - 45 strnctnre for combining the two optical systems at a right 

i ^ angle can be employed. Theretore^ decentering adjustment 

wntre Pi>pJ V^Pa the I^ttVal Slims of ihe first nnagirjg and the Kkc arc theoretically raobtat ed. 
optical system (rnfcacting lens group G 1 (f 1 }), the secoiid Vfilh regard to this point, acnoxt&Og to tht presenl 
imaging optical system (calaoaoptric lens group G^JQ), and invention, since the pclarmng beam spHner 10 is arranged 
the third imaging optical system (refecting fcns grrnrp » acar the fnst intermeddle image 9 or the second irnerme- 
Gj(y)> respectively. diatc image 12 having a relatively low decentering 

Fnrmermcre, me flowing rclahrms are preferably sahs- sensittvity, even if deccntrmng occurs in delecting the 
fiem optical path, the influence of this decentenng on the optical 

pcrmrmanee s smnTL 

Uas^JSi ss In addition, as shown in HGS. 3 and 4, even it^ for 

o^£lfcj£2 (Si Gcimpk, a Wa&r W is ho Eizontally placed art the second 

^ surface P2, since, for example, a reticle on the first surface 

025Slp,l5X5 (6) PI and the first imaging optical system (G^tJ) can be 

fcPi T fi^l n> horr^Qstalty arranged, the overall projection optical system 

fli can be set to be lower m height than a ennvsntional 
where ^ is the ma gnificatio n between the pattern of the first projection optical system constituted by a refracting has 
*>n rfar r and the first mtennediatc image, ^ is the magmfi- system. That is, the Vertical dimension can be reduced. In 
cation between the first intermediate image and the second other words, since there xs a good vertical dmienslon margin, 
inicrmectfaxQ image, and fa is the niagnineation between the the optzcal system can be arranged with a good margin. 

second intermediate image and the third intermediate image, tf In oeder to reduce tho light amnnnt losi in the poknang 

Aj=arding to the «=itodioptric reduction projecucn optical beam spEncr 10, St ts preferable tnat a prism type beam 
system of the present invention, when the polarizing beam splitter 10 be used as a polarizing beam splitter, and a X/4 
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plate II be inserted between the polar! 7fng beam splitter and conditions icpresenled by mcCjttafitics (1) to 0) above need 

i concave r eft cc rjng mcqtor as shown in, cg^ FIGS, 3 not always be satisfied That is, even if the image plane is 

and 4. With this arrangement, most of Hgbt reflected by the curved, do problems axe posed as long as the optical 

concave reflecting mirror M* is guided id the third imaging performance with respect to part of the image height is good, 

optical system (G^fj)) via the polarizing beam splitter 10. 5 When relations (fy to (7) associated with the fustroihird 

M shown in 710. 5, when a partial minor 13 is used as imaging magnifications 0 X to 0* arc satisfied, an optical 

a beam splitting irteans, the basic fiiaction is almost trw same system can be easily arranged. Below the lower unriis of 

as that m the case wherein the prism type beam splitter 10 relations (4) to (6) above, the redaction ratio ex&ssvely 

is used. When the minor 13 is used, since almost 100% of * - increases. As a result, exposure Id a wide range is difficult id 

an i™™^ tight beam can be used, o cangeu co of flare is in perform,* Beyond the Upper broils of relations (4) to (6) 

suppressed. However, when the mar Or 13 is used, since above, the enlargement ratio excessively increases, lie 

off-axis light offset fiom the optical axis is mainly used, a applica,iion of this optical system to a projection optical 

sEi -shaped area 24 ofect from the optical oris an the second apparatus cootradtcts the essential purpose of ™fag*ion 

ttrrforyi P2 b eco m es an exposure field, as shown in FIGS. prcycfioiL 

5-7. Therefore, in nsmg the minor 13, in order to expose the la" When relation (4) is satisfied, most of the rejection ratio 

partem formed on the entire surface of a reticle R placed on of the overall optical system cart be en s ured by the first 

the first surface PI onto a wafer W, the reticle R and the imaging optical system (G 1 (f J)_ In this case, the prism type 

. wafer W mast be scanned at a speed corresponding to the beam sp&tter 10 or the partial reflecting anata 13, in 

se l e ct ed proj ect iin rna grrifiratrnri . Thai is, expubiiic nmst be partjentar, can be induced in size* 

pedbnttcd with the Scftrrmng ex po su r e method t& Irt applying the present invention to an exposure 

When the Small nmrOr 13 XS Used, ft fight beam from an appafam.^ in carder to prevent a efr*r.gc Irt Tn^gniflr^t^Tt 

ammlar zone ctfsct fcom me axis can be used, as shown in variations in rmagp plane, at which a water or the his is 

FIGS. 8-10, In ibis case, the optical perfoanancc can be, l ora l^t, in the optical axis direction, a teleermtrie state is 

improved because the optical pec&nnance with respect to a . preferably ensured at least en the image plane side* 

portion of an image plane P2 need only he considered. Note 25 The present invention will become more fully Tmr WOi ** f 

that when the reticle Ris also placed on a hnrfmitfal plane from the detailed description given hertnnbcbw and the 

in a scheme of scairnmg both the reticle ft and the wafer W, accompanying drawings which are given by way of 31ns* 

a mrxror or the him may be arr jnged the fi^&t wnwgm ^ tration cmly^ Hrtft f ffl^ axe not to be ffindj d^r ed a<i lnmtrng the 

optical system CQ&d) to steer the optical path* present invention. 

In addition, by trnparting a - < eSgp»t field angle to, e_£» t h e 30 Further senpe of applicability of the pr e sea it fry ^tfnn will 

partial reflmting rnarror 13 inFld. 5, the optical path cart be become apparent from the rirfrnflnrl d escrip tion given here- 

sphL That is, smce a large field angle is not required to split iriqf* r T H rtw ew g- i^ it gfr^M be lxnderstnod thill the de ta i led 

the optical p a UK there is a gnnri fftiaghrgpeifiH iiianrrv margin description and sp eci fi c* examples, whole indicating pre- 

as welL With regard to this point, in the convmtiQnat terred embedrmcnts of the invenrjoav arc given by way of 

c^mifoptric proj ecrida optical system, for can nip fc, a masnr as fflnstration only, since various changes and moftrfirannns 

mum field angle of about W or mere rsre^mred to split the within the spirit and scope of the invention will become 

optical path. In contrast to Aria, a Mgfrft beam incident on the apparent to those in the art trem this de scd jp* 

rmW m tiir.jnm.TTt inv e nti o n ex hib its a. field angle r>f 3|b Qfft tiOQ- 

^A^SS^S^tS^a,^ BRIEF DESCRIPTION OF THE DILWINCS 

pr oje ction opp^ system Sor the sc^rtmrrg cxposarc method, FIG. 1 is a structural drawing to show an exposure 

and the ring field optical system is constructed to flhmfaato apparatus of * one-shot exposure method; 

only in afiT-aacs annular portion. It is, however, dlfiTailt for FIG. 2 is a. structural drawing to show an exposure 

the ring field optical system to have a largo nomerical apparatus of a scanning exposure meth o d; 

aperture, because il uses an off-axis beam. Further, because as FIG. 3 Is an optical path diagram showing the schematic 

optical me mbe rs m that system axe not symmetric with arrangement of a caladtoptrip reduction pn a j e g friao optical 

n^pcet to u^c qptical axxs» procepsirigy inspection, and system a wuiifo c m the fc*t embodiment of the present 

adjustmen t of & o ophcal membets are ^SJfioult, and a ccuracy jn v eniioi^ 
contiol or accuracy ntfmtenance fe also diffrmlt hi contrast 
with it, because the an^e of view is not large nr the present 
invention, the optical system is constructed in a structure 

-with ksa CAlx&se of hesm. uj / uv iiwwa -m««"*s 

t k . * . arrar^erncnr,, the exposure field, and the fiKc of the second 

in the went ntveanxm, m «^ to m^rxyvc fee pcrfiar- OTbodincot rf p^eat mvendon; . 

mance of an optical svstem. the Petzval smn o£ the overall ^* ™r ** ~* . 

op^alsysWmtrstoes^tn bo3^ZZ^ sj 8 to. 10 am views showing the «£ematic 

inequalities (1) to 03) above ire preferably sahsfe£ amngement. the exposure field, and the like of the thud 

Bysatist^meqiul2tiesa)»© exnb«iinieiit of *e present ixr^om . . 

of field; <bhtVh fa assocntpd with the optical pe pfrnnanctt/ js FIG. U ts an optical path ougxam showing a projecnon 

suppressed to ruiprovo the flamcsa of die image plane, The optical system aecrrcding to the first embodiment of the 

image plane is enrved toward the' object plane El in a ft P" 360 * invention; ... 

concave form beyond the upper limit of iacquaKty (3) FIGS. 12 to 15 and 16(c) to 16(c) are abertahon charts m 

(Pi+Pa+Pa^Ol). and is curved toward the object plane PI in the first embodiment of HO- 11; 

a convex farm below the lower limit of inerruaHty (3) FIG. 17 is an cptical path diagram showing a projection 

(Pi+Pa+Ps=-0J.)* As & resalt, the imaging performance optical system according to the second embodiment of the 

considerably c^termraics. & present invention; 

Wbcapait of an ofrutfs imaging light beam is to be used, FIGS. 18 to IL and 22(a) to 22(c) arc aberration charts in 

ie, ring field •rfhiminfltion is to bo perinnncd, the Fctzval the second erobodlment of FIG. 17; 



FIG. 4 is an optical path diagram showing a modification 
of the first embedment; 
FIGS, 5 to 7 am views showing the schematic 
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HG. 23 25 an optical path diagram showing a projection to the surface E2 of the wafer Wand is included in the reticle 

optical system arrnr^^ng; io the third ernbodmvml of the exchange system 2ti0« The main control sr.m'on 400 q><^ as 

present invention; * * computer system controls the light source 100, the reticle 

HGS. 24 to 24 and27M tol7fd) are aberration cham in whanse system 200- In particular* the main control section 

. and the wafer stage control system 3QQ and, thereby can 

HG. 2$ shows a s ch e ma ti c structure of an exposure permrm a y^aofeg esposore method ^y£rh rfyifl gmg a rela- 



apparams Of a oue-ehot method using a catadibptric redue> tive position between an imnm nanoo regxm on the reticle R 
tion projection optical system aceccding to the present . and an exposure region on the wafer W. 
mvention. ^ :. jhe techniques relating to an exposure apparatus of the 

DETAILED DESCRIPTION OF THE ^ntbventfanare o^^to^le, fcUAjaJtt 

PREFERRED EMBODDONIS mSZ^SSSSSt^Stt 
Vinous emhoihmcnts of the ca tad ioptcic reduction pro- 5,253410, No. S.333JD35, No* SJGSfiSU Na 5,379,091, or 
jecrioa optical system according in the prcscm invention will is tbe hta Tbe re&rence of TJJL patent application Scr. No* 
be described with reference to the drawings. In the TSSflZJ teaches ulnrnjuaticm nptW *yg*g^ (usin g a fasrr 
examples, the optical system is applied to the projection source} applied to a scan type exposure apparatus* The 
. optical system hi the projection exposure apparatus foe reference of U£. patent application Sec No. 260,398 
projecting a mhtrr d image of patterns of raritfc oo to a wafer teaches an flhimmatma optical system (a gi ng a lamp source) 

• T^^t^^r^l^hirr^ 1 ™ lppHed °" scan t t 7F e ^pantos. Tic ic&mee of 

or 1 semaag exposure maihod. FIG. 1 shows » base U£. patent application See No. 299,305 eacbes as aEgn- 
«ran» of te exposure apparams asmg lons-shnt crpo- ^ s ^ aB ^ fc a ^ c „ p0Sllre lppl _ 

^m^ d^^.Fia^^TOc^ ra ms. The reference of US. PaL No. ^mffSvaO^^. 

co mwnv* at least a movable wafer-snip 3 allowing a ^ - Miimm i „*„ r „ - ^ - 1 . 

. T wm«*~~e*m ^K^ f .,w m T~ few m. » ^ ^Tmri^ n ojptol system (usmga larnp soma) ajy W to 

sure right of a pctdctcrm4d wavelength and [tem^nVa No " V6*373 ^teaches * step-and repeat ^ts^iD 
predetermined pattern of a mask (reticle R) onto the sob- apparatus capable of using the cutadiopinE projection optica 
struteW. a light source 100 sur^irym^ an espostire 5igm system of the present irrv^nriDn. pa reference of US. PaL 
to the illnmmanon optical system lp a catadicptric reduction 30 No - 5,154,893 teaches an umminabbn optical system, an 
prelection optical system 5 provided between a fi n* surface ' illumination region, mask-side and reticle-side 
PI (object plane) on which the mask R is deposed a nd a mterfemnxetgrn, amensmg optical system, jK^m^nt optical 
second *ntf>"? F2 (irxjage pfeme) to which a snrfrcn of the system, or the Kke. The reference of U-S- PatNo.5^SJ10 
snbsuaie W is y jt i ^fr j i ,rf >ii rtg ^ r ft>t projectiug art image of the Irt'A'g? an iUnoDination ^^^=»1 system (using a laser source) 
pattern of the masUR onto the substrate Wl Hie illrimmation 35 applied to a sten-and- repeat type exposure appa r a tns> The 
optical system l mdodes an a1i^flnf> ent optical system U0 '110 icference can be applied to a scan type exposure 
r^ adjusting aiclativepositions 1 between thernaskU aodthe ^ar^ The tefcreace of Pat- No. 5333,035 teaches 
waier W, and fl» masfeR is a>pose4 oa a^tctjefc stay 2 u ^Hcaubn of an ilhWuoa op tical system applied to 

Ite reference of U. S. PaL Ncl 

of Ac j^fcr 3 ; Ai^ti^^sc systaa^n^nycT* 40 5^*^ teaches a ^fcaising system applied to an 
andchangesamtidc(inasl:R) to be set on the rtlicfc.^o t^ZZ^ JWpSS^ c ^ 
2. The reticle canhan^ system 200 mcjuons a stage driver tjposnm apparatus^ rc^rence of ftL No. 5379, 
for moving the reticle stage 2 m parallel wim n^pec* to mo 091 teaches an iThrnimabrm optical system [using a laser 
mnrn u i ffa n 3e of the wafer stage 3b The cata dioptric source) applied to a scan type exposure agpaxanis. 
reduction Tirojecnon optical system 5 has a spate penmrnng 45 Next, as described above, the optical system is appHed to 
an aperture ,slop € to be set th e rein- The sensitrve substrate projection exposure apparatuses of a one-shot exposure 
W ccmprisek a wafer. 5 such as a sitterm water or a glass method and a scanmng exposure method, which are 
plate, etc, and a photosensitive mnTftrtal 7 such as a photo- de^gA^ to project an image of a pattern On a reticle onto a 
resfat or the Ske ce»nn&a suetace of thp wafer 8» TVc wafer wafer coated with a photoresist at a predetermined magnj- 
stuge 3 is moved in parallel wiih respect b & object plane PI so ligation. 

by 1 stage control system 300. Further, since a main control "With regard to the has arrangement in «»gfr of the 
section 400 such as a. computer system controls tbo fcgbt following embodiments, far example, a£sAOWn in FIG. U, 
source 100, the reticle exchange system 200, the stage flat virtual planes (&$» a plane are resp e chV ery used as 
control system 300 or the like, the exposure apparams can the reflecting surface (tjj and minor amxacc of a concave 
pr.rflttun x haymflnjnm art inn aa a whnlc 53 rs flr^Ti K ^*7 rTY V Mx- T " nnicrtri ej^ire^ the ^h j ip ™ nfjnnft^. 

FIG. 2 shows the basic structnre of an exposure appaxite and the distances therebetween, (he patent 'surface of a 

tirfwg 11 gr— TTrinp ^r^tw ywtrthtiA Tvi vtfl \ tY+ ~*r£**rrr~ retHe R is assumed to be the Otb plane, and each of the 

apparams also comprises a wafer stage 3, a reticle stage 2, phmcs throogh which tight emerging from the reticle R 

an nhiminntinn optical system 1» and a cafnrrtoprnr rednc- passes^mLl it reaches a wafer W is sequentially assumed to 

tion projection optical system 5. The fltoimrmhYm optical fiD be the ith plane (i-1, 2, - . -)• v^icrcas the posirrve sign of 

system lemits a light beam rrom the Eght source 100 to an the radms of curvature, r„ of the ith plane faft ca 1 a convex 

fflttmnatiba rcgion.on toe reticle R, the illumination region lens with respect to a light beam from the reticle R- In 

being a p ffilrtPwntnB< shaped. The catadioptric zeductiDn sdcfirioii, the plane rfyp ^ Ts r* between the ilh p^^^ *™A the 

projection opocal system 5 •projects a reduced image of a (I+l)th plane is represented by eV SiCU represents fused 

partem of the region on the reticle R to an exposure region G quartz as a glass material. The fised quartz has the foEowg 

on the wafer W fchctoserrsiavc substrate). The reticle stage retractive index with respect to the used reference wava- 

carnrol system 210 «n caove the reticle stage 2 with respect length (133 nm): 
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R&activo i fl^x of fused qnattz: 1-5610 
Fust Embodi m e nt 

The first embocbmeut is a projection optical system suit- 
able fiar a projection optical appaiaias (eg* a Stepper) of & 
one-shot exposure method and having 4 magnification of 
V4x. ■ 

FIGS, 3 and 4 show the overall arrangement of ihe first 
ftmhodimrnt Referring to FIGS. 3 and 4* a reticle R (see 
FIG, 11) on which a pattern to be transferred Js drawn is 
placed on an object plane PI, and a water W (sec FIG. 11) 
coated with a photoresist is placed on an image plane P2. 
The reticle & on the object plane PI is iThiTrrmntrff with 
exposure fflnminanon Eghl trom the Eghc scarce 100 of the 
fnitmnu ri,nn optical system 1, and a light beam passing 
through the reticle R famr* a first intexmediata image 9 via 
a f^f i -^^T rug lfn ff gxnup as a faco smg fa^^ group hiring 
a focal length rV A hght beam from the first taennsdiatc 
image 9 is incident on a polarizmg beam splitter (PBS) ID. 
A p-polar^ed Hght beam Ud w^ i ftrd through a polartacg/ 
reflecting surface 10x2 of the polariTmg beam spBtter 10 
passes through V4 ptoie 11 and is reflected by a catadioptric 
lens group Gjy having a fiscal length and mcledzng a 
concave reflecting mi rro r Thcre aft era the t ig ht beam 
f gft i t rY * a$ socialized Kgfo beam to the jy^ a r ** in g beam 
spKtter 10 vu the W plate U to farm, a second intermediate 
image 12 in the pftfowyrn^ >^»m splitter 10. Mote tha t the 
catacmptric Wfwe group G^fE^) rnrt^Ar* a iclractmg lens in 
p ract i ce, as shown in FIG. U. • 

Mrffit of the s-polarized figh* >*»nTn fiom the, s econd 
intermediate imago 12 is reflected by mc/polarmngf 
reflecting ytfi^ lQxx to Cm 1 "!-* reduced image of the reticle 
pattern onto the water W oa foe image plane PI via a 
refracting less group G, as a incusing lens group having a 
Focal length ty In addition, an apettore stop 6a is arranged 
near the pupil plane of the rcfcictmgleiagroirpG l p' J ) along 
' an optical aros AK± of the refracting km group Q z (tjX and 
an aperture stop 6h 2s arranged neat the pupil plane of the 
refracting leas giTrttp G^f^) along an optical ansA^of the 
refracting lens group G&(E0» 

' In thi* embodiment, sines the c *'-T i nfl nf e t mediate image 
12 is fbn&sd to be closer to the concave rejecting minor M x 
then the pnTa rfrfn g/icficcring amfirrx 10a, the polarizing 
beam splitter 10, in particular; can be reduced in sire, 

FIG. tX shows the detailed kns arrangement in ihe first 
embodiment of FIG. 3 (FIG. 4). The V4 plate 11 in FIG. 3 
zs omitted £spm the arrangement shown in FIG. 31. 

As shown ip FIG* 11* the refracting lens 'group G a (Ej) is 
censdrnted by in the following order from the reticle side: & 
negative menisens lens having a convex surface faring 
the rencfc R > a negative meniscus lens Lj^ having a concave 
s nr&C e raring the reticle a biconvex lens (to be simply 
r efe r r ed to as a convex lens herein after) a convex lens 
L^o a negahve memsccs lens having a convex sntfaee 
facing the reticle R, a negative mrm'snrs lens having a 
concave amgace facing the reticle R, a udulvcx lens L^, a 
convex lens a convex less a biconcave lens (to be 
simply referred to as a concave lens hereinafter) a 
convex lens and a convex lens The catadfcpbSc 
lens group G^fj) is corstituted by a negative memsens lens 
Ljpj having a concave surface facing the reticle R> and the 
concave reflecting minor 

Hie refracting lens group Gj(Q is consti tu t ed by a 
convex lens L^, a positive menfjraiS leas L^, having a 
convex surface facing the reticle R (polarizing beam splitter 
10), a negative menisens lens having a convex surface 
facing the reticle R, a convex lens 1^ a convex lens a 
convex lens L,*, a negative meniscus lens Lj7 having a 



id 



10 

concave surface feeing the reticle R, a negative 
less In having a concave surface Facing the reticle R, a 
positive meniscus lens L^, having a concave snrtVn racing 
the reticle R, a negative meoisors Ints having a concayq 
surface racing the reticle R, a convex lens a negative 
meniscus tans I ^-^^wg » convex pehcle 
R- a positive m en is en s kns having a convex surface 
lacing the reticle R, and a neganvo menisens lens having 
a convex surface facing the reticle 5L 
: ..Ihe aperture stop 6a is arranged n the Fourier transform 
plane in the retracting less group G x (£|\ Le., between the 
convex lens tj 7 and the convex lens The aperture stop 
6b is anang ed at the Fourier t ransfor m p lane in the refracting 
lens group Lc n near the reticle-side suttaee oE the 

negative menisens lens L 3 7 . 
IS The reduction ratio of the overall system is l/4x, the 
nnrnerical 'aperture (KA) On the water side (smage side) is 
Q_5, and the object heignr is 60 mm. 
-. One type ofc^tical glass consisted 
tor all the rcfactmg lenses. The system is cccrected tor axhd 
2D curomatic aberxanoo and for chromatrc ahcrratfnn of nrag- 
mR^hnn with reject to a wavelength width of Inminthe 
wavelength (193 nm) of an tUtrzviolnt eaxim er laser beam. 
In adrr^non^ ^prtfrnf a\ alyt T^ ^on ^ Qflfflyj y jti ^ and 
* ^yfttflft^rtit are cocected to attain an aboeost aberT ^^^ ^ ~& He 
25 6fete> thereby realizing an optical system having excellent 
tmagmg prxfcmunca. 

The crrrvanrre radii r^ plane olstances dp and glass rrtate*. 
rials used in the first r.mhndimnrrt shown- m FIG* 21 are 
shown kTablc I. In Tabic 1, the 29th and 34th planes am 
30 wrtrtai planes irtdrcating **** polarmng/ri^cctiiig siufaces of 
the concave reflecting mirror M 1 and the polan2mg beam 
splitter 10. 
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PIGS. 12 to 14 re sp e ctiv ely show bngrhirfinal aberration 
charts in the first embodiment; FIG. 12 shows a spherical 
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aberration of ibis embodiment; Ha 13 shows an asngma- projected Onto a oar^shaped exposure region 24. on the 

txsm of Qas r.mbndimeat; and FIG. 14 stows a distortion of ' wafer W, which is slightly ofiset fiom an optical asisAX^ 

gfajg embodiment* Further; FIG. 15 shows a magnification Therefore, in order to exposure the pattern on the entire 

chromatic aberration dan hi the first anbodiment. HQS.. snrrace of the reticle St the wafer Wmay be scanned to the 

15(c), 16(b) and 16(c) show transverse acerraiion charts in 5 right (or the left) at a velocfcy V w (-{5'Yr) in synchronism 

the just embodiment. In these aberration charts, reference with the downward (upward) scanning of the reticle R at a 

symbols J,fi and Q respectively denote ejaafrcteasbje carves velocity V x in HG» i> provided that tba naaanncatjon of the 

at the used reference wavelength (193 ran), 1925 nxn, and overall system s represented by ft, 

The height of she projection optical system of this ao 12 is formed at the concave reflecting mirror side of the - 

embodiment is mainly determined by the refracting lens partial mirror 13 and is located between the concave reflect* 

group GL^f^). The height of the redacting lens group G^y tog mirror and the partial mirror 13, the proj ection 

is about SCO mm at most. That is, the height of mis system optical system can be reduced m sire m the vertical darection 

h ibour \J2» that of % projtcficn optical system constituted by m p arfi c nl a r. 

a conventional refractjoj system. 15 FIG, 17 shows the detailed lens arrangement in the Second 

Tti fhft ^rnlwM Jt i u fe-ntj ch rt W Ti ia TTfl- 3 p nf the K gfrt frpni ejnbodinjeilt* 

the refracting Tw-ng group Gi(fi}» * l^gbt which Is As shown m FIG. V7 9 the rnfrnrtfng lens group G^(£j)" is 

TK ww ^mi tt i - j thnjngn f h R ^lafr^ftg fcgatw cplTrtrrf Q fa gnfrfe<4 constu^Uled by in the following order from the reticle side: a 

to the caradwptrlc group CJt^As shown in BIG. 4, positive meniscus lens having a convex surface racing 

however* of the light from the rcnrctxng lens group G-(^), 30 the retjcio R, a negative memsens Jens having a convex 

a light beam which is reflected by the polarizing beam suxfece facing the reticle R. a negative meniscus lens 

spHrter ID may be guided In the eatarhoptric lens group having a concave surface racing tba reticle R, a positive 

d^y via the V4 plate XL In this case, the light beam meniscus lens L-^ having a concave snrtace facing the 

reflected by the concave reflecting minor M* ia me cat*- reticle R, a convex lens L*j> a positive meniscus lens 

diopDie lens group G 2 (£^ s converted into a p^ohunzed 25 having a concave surface ra cing the rencie B, a negative 

light beam by the W4 plate H to form the second intennc- meniscus lens L^ 7 having a coavee surface facing the rcbclo 

diate image' 12 in the polatmng beam splitter IQl Afler mcsx R, a negative meniscus lens Lja having a concave surface 

At the light h^irn fern *h K <p*t™A *Vterrr»» rirat* frwag* 13 iV facing the reticle R, a convex tens L^, apnsirrvc menisens 

transmitted ttimg^ polarJeag^/ refleetmg snrfa ce in**, the lens having a conca v e surface facing the rencie R, % 

K^it fri nn< a re tide pattern image on the wafer W via the 30 positive menisens 1^"* L^g having a concave facing 

refracting lens group G^CQ* the rencie R. a convex lens Ljo a r»gatrve menisens lens 

Second Embodiment having a concave surface racing the reticle R, a positive' 

The second embodiment is a projection optical system meniscus tens L^g having a concave surface facing the 

suitable for & projection optical apparatus based on the reticle R, and a positive meniscus lens having a convex 

Scanning exposure scheme fnvj having at magnincarlon of 35 qnrfarft &**™^r the rencie R_ The catadioptnc lens group 

l/4x. ^(fj) is constituted by a negative menisens lens L^, having 

FIG. 5 shows the overall arrangement of the second a concave surface facing the reticle R and the concave 
^nb^TTTnt R^jrfr^g FT**, « p fa jiT»~d *™ «^ - reflecting umtor Mi- 
object plane PI, and & wafer W is placed on an image plane A- refracting lens group GJE£ is consti tute d by a convex 
P2. HG* f is a plane view showing the rencie R when 40 lens L^, a convex lens I^f a cegatrve menisens lens Lq 
viewed in the mrecnbn of a rcfactmg lens group G z (jQ in having a convex feeing the reticle R (partial minor 
FlG« 5* In th is e-**w^ x bax^siraped T^^^^n^ifen region on US)* a positive meniscus lens having a concave sucfeee 
the reticle R, which is sH^itry offset from the optical axis of facing the reticle K, a convex lens L^, a positive meniscus 
the projection optical system is immmzated with tlhrmma.** ' lens having a convex surface facing the rencie R, a 
tirm l%bt i fr?m the light source 100 of the iQnminatian 45 negative nrr"*"* lens L, 7 baying a. conCzve smaace &ang 
optical systcut L me reticle R, apositivB menrsens lens La having 1 concave 

Rerecnng^ HG. 5, a light beam passing through the surface facmg the reticle a DCgarrve menisens lens 

ilWmti'wi regtou 22 firn^f a ***** ^ t™™*^-*** imng^ e ^$a having a concavn surface facing the reticle R» a convex Jens 

the refracting lens group - and a hght beam fcorrj. the fifg* 1^, a negative jnemscus lens having a convex surface 

nat a m ed jate image 9 passes through 1 side q ^ of a 50 ficing the rrride R, a positive -mrTTforaK lens having a 

aann ar (^» ^ *-ft*n*A t» s< a p artial mW harnmfW) 13 set convex pnf*^ facing the reticle R, and a negative meniscus 

Ai an Anglft rtF aTmojtf 45* with reyncct tn an nptical im lens Lm, havmg a convel SlUmce facing tfac reticle R, The 

to cover the tower naJf r«rnon of the optical j^fa AXj. The apcrtnrc stop 6a is arranged near the Fourier transform plane' 

Kgut beam is then reflected by a catadicptrk lens group in the refracting lens group C l (f^ 9 Le, at a plane near the 

Gi(£j) fagTHrfuig a concave reflecting rnirrar M a id man a 55 positive mrnrftm^ lens on the rencie R. The apertrne 

second w**™^"^ rmagf* 12 ia front of the partial mlmi* stop 6b is arranged near the Fourier transform plane in the 

13. Note thai the caiadirjptric lens group G 1 (f-) menrdss a refracting kns group G^tJO, ie^ a plane near the positive 

refracting tens m practice, as shown in FIG. 17, meniscus lens on the reticle R. 

A Hght beam from the second rnfemediale image 12 is Tbe-^erhiczxDn ratio of the overall system is 1/4*, the 

reflected by the p artial rnirrar 13 to fban u reduced image of a numerical aperture (NA) on mo wafer W side (image side) 

a rencie pattern on the wafer Won the image plane P2 via is 0.45, and the object hcighl is 60 mm, 

a refracting lens group G 3 (^)* In adcnnlony an ap e r t ur e stop One type of optical glass consrsting of fi tt e d Quartz is used 

6a a arranged near the pupil r/ lN^i ^ of the refracting lens for aU the refracting lenses. The system s corrected for axial 

group G a (fj), and an aperture stop &b Is arranged near the enzomaxje anerraoon and for chroma cic aberration of mag- 

pupil plane of the refraetmg lens group G^(fa). 65 mfiation with respect to a wavelength width of I nm in the 

FIG. 7 is a plan view of the wafer W in FIG- 5. As shown wavelength (193 nm) of an ultraviolet excircer laser beam, 

in FIG, 5, the reduced image of the reticle pattern is In ad dition, spherical aberration, coma, asrigmatrm, and 
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distortion ace corrected to a t ta in an almost aberration-tree 
state, thereby zeaimos an optical system having excelleut 
imaging T^c&rmanee. 

Ihe curvature radii plane distances d A and glass mate- 
rials used is the sncrand cnabodhncnt shown in FIG. IT are 
^wninTMcilnT^k^thcS^plaiicEavxrtnalplanfi 
^odicaong the reflecting sadiaees of (he concave reflecting 
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group GxCUl As shown in FIG. 9, an arcuated iHnrmnadon 
regbn22A, on the reticle R, which, is dignity oflset from the 
Optical axis of the projection optical system is Olnnnnatcd. 
Referring 10 FIG. 8, a light beam passing through the 

s ifinnrinarion region 22A fibrins a reduced image of a reticle 
pattern on an exposure region 24A (see HG. ID) on the 
water W through the refracting lens grotnj G^fJ, a cata- 
dibptric lens -group G^y fnrfnrifng a concave reflecting 
* .mirror a partial minor 13, and a, refecting Ices group 

10 G^fjX In tins ease, in order to expose the pattern on the 
entire sncfeee of the reticle R onto the wafer W t fee wafer W 
may be scanned to the right (or the IcfQ in syn/drmriism With 
the downward (or upward) scanning of the reticle R in FIG. 
9. 

In this embodiment, a second intermediate image 12 * 
fhrmril at the refljcctmg lens grons side of the partial mirror 
13 and is Tnratifi between the refracting leas group GJ$£ 
and the mirrof 33* 
FIG. 23 shows the detailed less arrangement in the third 



FIGS. 18 to 20 respectively are longitudinal ibetratxen 
charts is the second embodiment; FIG. 18 shows a spherical 
abenaoon th i s c tobodiBttCP^ ttG« U ah^ rofs an asti^ flptft" 
tism of mis embodiment; and FIG. 20 shows a distortion. 
Further FI&21 shows a ptagoinearion gH ffsmaryg aberration 
enact in the second embodiooeot FIGS. 2Z(a\ 12(b) and 
22(c) show transverse aberration charts in the second 
cmbodSmcnL ■■■ 

rring eT^osnte apparvns* the present mvennoo can be 
applied to a "projection exposure apparanis of a onc^shot 
ft apo^ai Te methodL 

Third Prnhmfifwang 

The tSnni crabodimcnt xs a piojecdon optical system 

suitable for a projecti on exposure apparat us of a searnnng 
nx po w ire method and having a magnification of l/4x. A 
partial minor is nsed in the thir d ^fnV>r^?m^wt |Hrp £q the 
second embodiment* However; an off-axis fight ray further 
oflsel Xrom the optical axis than in the vrr?nd emhncfiTq ftT \t 
is' used in the third emb odiment 

FIG. 8 shows the overall arrangement of the second 
^mhreffm^nf! Referring to FIG. 8 which fadiratre gfotibf or 
same parts with the same reference nnmerals as in FIG. S, a 
rctick 21 a placed on an object plane PI, and a wafer Wis 
placed on an image plane P2» FIG* 9 is a plane view showing 
the reticle R when viewed in the direction of a refracting lens 



15 



As-shown in FIG. 23, the retracting lens group G^fJ is 
coosnnued by in the fiiflpwing order from the reticle side: a 
positive mernscos lens baying a convex ^^""^ 
the reticle R, a negative menisens kns having a convex 

25 surface facing the reticle R, a negative mernsens lens 
having a concave snr&ee facing the' reticle R» a positive 
menfeens Sens having a concave wrrfarn racing the 
xctidc R, a convex lens 1^ a negative menisens lens t^^ 
having a concave snrftce racrn g the reticle R, a negative 

30 r 17 Hatrfwg i »vm>i.T snjftfe 

R, a negative m i mr vj '- jn T lens having a concave surface 
^ciog Che reticle R, av convex lens a positive memsens 
-less Lj* having a concave surface racing the reticle R, a 
positive meniscus Zens having a concave snr&co fiwing 

25 the reticle R. a. convex lens a. negative menfeanrs lens 
L. having a ennexve surface racing the reticle B» a ncgatfre 
menisens tos having a concave surface racing the 
reticle R, and a positive rncrnscus lens having a erinvex 
^.tirrwrtft fecaog the reticle R. The catadiuptpje lens group 

40 G-^eJ is eonsttmted by a negative meniscus lens L^havmg 
a concave smface facing the reticle R and the concave 
reflecting QMEQT ME a . 
Arefeacting lens group G 3 (£^) is coLatlrntcd by a positive 
kns Lyx having a co n ca ve sex&eo facing the 

4$ reticle side (partial mirror 13), a convex lens Lj^, a concave 
fcq a X#ta a a positive mernsens lens having a concave 
jqtrfaM facing the reticle R, a convex lens a positive 
meniscus lens having a convex surface faring the reticle 
R, a negative menisens lens having a concave surface 

50 Lacing the reticle R, a posirXve meniscus kns having a 
concave surface facing the reticle R, a negative meansens 
lens having a concave arrftce facing the reticle ft, a 
positive incanacns lens having a convex &cing 
the reticle R, a convex lens a positive meniscus lens 

ss having a convex ffirrfa^s T i^ng the reticle R P and a negative 
meniscus lens 1^, having a convex surraco facing the reticle 
R» An ip e rUne stop fin is irrangcd near the Fourier trun*rfhrm 
plane in the refracting lens group G x (fjy Lc, between the 
positive meniscus lens Lu» and the convex lens A 

• 60 portion near the Fourier transform plane in the refracting 
kns group ie^ the lens frame of the negative 

menisens lens serves as an aperture stop! 

The reduction ratio of the overall system is the 
numerical aperture (NA) on the wafer side (image side) is 

sj 0.5, and the object height is 60 mm. The width of the 
bar-shaped exposure region 24Aon trie wafer W, shows in 
FIG. 10, in the wnmn^ direction is 4 nun. 
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One typo of optical glass consistingofijp^d quartz is used 
for all the icfraraing lETKe^Tht- system mrrrrfr^ fo r axial 
uiuu malic aberration and fbr cbromaiic aberration of mag- 
nification with respect to & wavelength, width of 1 am in the 
wavelength (153 urn) of an ultraviolet cxrimcr laser beam. 
In ndrhnon, spherical aberration, coma, astigmatism, and 
distortion are corrected to attain an almost aberndoa-£ee 
stale, thereby realizing an optical system having excellent 
imaging performance, 
lbs curvature radii Ej» planc_ distances dp and glass mate* 
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ca hwmn of "Ectzyal Sum p," and "Tmagfog Magmficanon 
fT corresponding to the total system Cj» 

TABLE 4 
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35. Fnrtbc^ ha$cd on Tabic 5 to Table &, values arc caJcnlated 
fcr Gh4ft), fe+VRiJp iPidr IW» and |P] in each 
cnt, and the felbwingTahlg 0 Anas thn calculated 



values. 



TABLE 7 



FIGS. 24 afcd 2S respectively show bogitodmal aberra- 
tion charts in the tfcrrd ernbodtmcnt; FIG. Z4 shows an 
tstigroacsni of xfads emhofluaent; and HQ. 25 shows a 
dfcfortrntj of this cnobodirnenU Ftulhcr, HQ. 26 shows a 
. TnagmficatioQ chroma tic abcrxatDrt chart in. the ^^rnid 
cmhodhncoL FIGS* 27(c), 27(e) and 27(4) show traverse 
abcrrahon charts in the third embodmest 

Aeco^djog to .the presem invention, relations GL) m (5) 
above are prumrably satJs&ed. Tha celafioirshrp between 
each Of the above embodiments and the relations will be 
described below. Tables 4 to 6 respectively show the cur* 
vamm rami 1 of the concave reflcding rxdiror M u focal 
kngths r; of lens groups G t O-l to 3), Petzval sums p p 
fmagfn g m agpificado ns p o magwifir-atfri^ ^ of the syn- 
thetic systems of die refracting lens groups G x and the 

eatatfio gtriS IcnS groop and magnifications ^ aX djo 
rtfectirig leas groups Gj. Note tmU each total system is 
represented by and a Petzval sum p f and rmagui g 
magmfica o o a P of the total system O r ate written in the 
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As xs apparent fiom the above tables, relations ft) to (6) 
given above am satisfied in each of the above ^TnKnr4i^p^h? 

In eadi embodhnsot described above, as the half mirror, 
a compact mirror covering 1 half portion of the optical axis 

55 is used. BiOWeVef, as the half mierec a partial reflecting 
mirror eanstimted by x large glass plate and having a 
referring film fecmed cm only one surface side of the optical' 
axis maybe rrsed-AIicrmtfvciy, as the half rnirroi; a prism 
type beam splitter having a reflecting film formed on only; 

60 e.g, the lower haif portion of the joined surface serving as 
a reflecting surface may be used. 

In each ^ ^^b ^ ^^ ^^ - ^t ^^-^^^J ^^d above^ ojnarsc xs used as a 
glass material fbr a refracrhzs Optical system* However; 
optical glass such as fluorile may bo used. 

47 Next, an cmbodinoenl of a common exposure apparatus 
using the calarHoptxic (tducuos projection optical system 5 
of the present invention- In this embodiment, as shown in 



PAGE41/58 4 RCVD AT 6/10/2004 4:38:43 PM [Eastern Daylight Timel « SVR:USPT0-EFXRF-1/7 * DNIS:8729306 * CSID:+* DURATION (mm-ss):21-28 



Jun-10-04 03:49pm Frora-STAAS & HALSEY 



T-882 P. 042/058 F-931 



of the bc«m ^fitter can be recced. In nrirtfrion, the blanket 
wafer exposure srhftiun can be used with i large numerical 
aperture minTns a ring field optical system, far projecting only 
stt ""I'liy wwt by using an nff- axk bemn. 

Bronx die iovcanbo thus drscribort, it wfll be opvmus that 
the invention may be varied in many ways. Sues variations 
axe not to bo zegaxded as a departure from the spirit 2nd 

SCOpe of tke. inv enrirm ^ aiwf sai A m/v4rfieafop$ ftj would 

be obvioTJS to one stalled in the art ate intended to be 
included within the scope of the following dams, 

The basic Japanese Application Mb. 148350/1994 filed on 
Ave. 23, 1994 is hereby incorporated by reference. 

What x$ claimed is 

L A caiadjpptric reduction projection optical system for 
projecting a reduced image of a pattern of a first surface onto 
a second surface^ ootnpcisio^p 



10 
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FIG. 28, the first refracting lens group G 2 (£J i'HH*? a 
re&eaor 14 changing a traveling enrecnon of light that 
travels in the first refracting less group G ; (Q. Therefore, the 
optical axis AX1 of the first r&actinj lens group G 2 is 
constituted by optical axes AXLx and AXL6 as shown in 
Ha 2S. The tc c rrtitn ies relating to an cJpO^re apparatus 
u ^ ft u g a. ramHnptwg ptwjggffnw optical system IS ^S C flfo ftd,, 
for e&unplc, id Japanese Laid-Opcn Paiem Application No. 
5-72472, or the Eka. 

As described zbove, the rwps^ 
the above embodiments. Various changes and modifications 
of the embofTrmcTiB Can be niade withoin departing from the 
x p irit. mA scope of the present invention. 

According to ux present invention, the primary imaging 
aperatSoa is perfianned between the first surface (object 
suffice) and the concave reflecting mirror; and the second- 15 
aiy imaging operation is performed between the concave 
reflecting rnirror and the swond ^rfci^*? ( imag o plane). For 
this reason, the beam splitting means far splitting a light 
beam incident on (he concave refiechng mirror fiom a Tight 
beam r efl ect ed thereby can bo reduced na sex. In- adriftinn, 20 
share an image fcrmed by the S9 w u J« fcj rrnngvrrg operation 
rs relayed to the second surface via the third imaging optical 
sy stem, the o pt i ca l path from the concave reflecting mirror 
and the imago plane can be set to be s u f fic i en tly lor% and the 
w mjgn g c Hs^t ict can be increased- Furthermore^ since the 25 
iimgii^ g tti a ^^n fi^iitjpn of the first nsa^nng opneal ^y^^m 
, can be arhjrrariry changed w ithin a pccctctcrnMttcd ranges 
excellent opneal i lf H urnr jit* ,e can be rcnlxrecL 

An aperture stop can - be arranged hi the fxssX Of third 
imaging opneal system (or both). For this reason, the 3D 
coherent ^ r ^^ r (or value) can be arbitrarily conrroTJedV 

In the cnnvenncnal catadioptric optical system*, since the 
optical suds is dec^ntered, an acj rr g rm g operation is rii ffTmTr 
to perform. It. is, trierefbre, riiffipinlf to realize designed 
imagiflg yetilifiiiHuWi However* ha the cafnrffnptric mdue- 35 
tion projection opt ica l system of the p rese nt invention, since ' 
the o ptical path p "* fl be deflected near the first or second 
mtexmediale image, the adverse efhtct of any decentcdng 
error on the ™* fl girfl g characteristics is srnalL In t^finTr n, far 
easunplc, when the optical path is* to be deflected near the 40 
second intermediate image, the fist and second ftipgfog; 
optical system are integrated into one system, and this 
system end the third fw' ^^ optical fr-y Meni can be indc^ 
pendeatry arrjusled. AJte this adjus tmen t, the two Optical 
systems are arranged such that their optical axes are ahj*rrt as 
perpendicular to others ^^ceretnze^ decenterang adjust— 
n2cnt tt>is ^fl{fc can be easily jrritfi a mod 

'When a pnsm type bearn splitter is to be used as abeam, 
splitting means, since a- compact pnsm type beam splitter 
can be used, a rictcnracarXon in imaging characflfciistics doc to 
nonunifbrm characteristics at the 
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& first imaging optical system having a positive teiractive 
power and £bf forming a first intermediate image as a 
reduced image of the pattern oq the first surface; 

beam splitting means for spurring at least part of a Kght 
beam from said first imaging optical system; 

a Second imaging op t ical system including a concave 
reflecting mirror for reflecting a fight beam split by said 
bearn splitting means, said second huagmg optical 
system having a positive refractive power and for 
*' . toning a second intermediate ima^ as an image of the 

* ft*g* ftitgmterftfat* image; and * 

a third imaging optical system fix footing a dnrd inter- 
pje^e.image as an image of me second intermcdiAte 
n pft^g on the ** i ** t »* «i ffS^ on the basis of 4 tight 
beaxn> of a fight beam firom said second imaging optical 
system, which is spht by said beam spHtrmg ^^"^ 
X A system accordin g to clahn 2, wherein said beam 
s p l i tt i ng means « a prism type beam splirtcr, and at least one 
of the first intermediate image and the scconii intermediate 
image is formed in said prism type beam splitter* ' 

3. Asystcm according to <*t*fri 2, wherein an optical ***** 
of said first imaging opneal system corresponds to an optical 
aaas of said second imaging optical system, and said beam 
spurring means is disposed between said first imaging opti- 
cal system and said second huagmg optical system. 

4. Asystcm according to claim 2, wherein an optical axis 
of said second imaging optical system ennrcsponds to an 
Optical axis Of said third imaging optical system, and said 
beam splitting means is disposed between said second 
imaging optical system and said third ^ TW *^*"^ optical sys- 
tem. 

5. A system according to dazm 1, wherei n said beam 
splitting means is a. partial reflecting mirror for partially 
reflecting a ngfat i-*^'^ and the second i ntcum c d iat e image 
is formed between said beam splitting ny^rffr said 
concave rerlecrhig nnrror of said second wrm^iwyy optical 
system. 

6. A system aecoiding to claim 5, Wherein said partial 
reflecting mirror is disposed so is to avoid optical axes of 
said first and third imaging opneal systems. 

7. A system according to claim 1, wfaerem the following 
conditions are satisfied: 



and 



where ^ is the Fetzval sum of said first imaging opneal 
20 system* p 2 is tbe jPetzval sum of said second hnaging optical 
system, and p 3 is the petzval sum of said third imaging 
optical system, and the following conditions are satisfied: 

tmslhl^LSwaBd 

60 where ^ is the magnification between the pattern of the first 
surface and the ft ni iniermerlialB imago, p 2 ^ the magnifi- 
cation between the first mtermediaie image and the second 
istereacdzale imagBk and 3s is itt^ gnrfieaK^ r i between the 
second intermediate image n nd the third intern pd j ^ fo image. 
O &* An exposure apparatus comprising: 

a first stage alloving a photosensrtivc substrate to be held 
on 1 main surface thereof; 
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ft second stage for sapponing & made OA which A predo- 
tftTTflined pattern is Pji j u^^i 

an TTTinTi inaffftrt optical syTilcn for cuiiitujg exposure lii^t 
of a predetermined wivclcugm and rrantfftr i mg the 
patteci of the mask onto (bo substrate; and 

a cara dioptric redu cti on projection opti c a l system pro- 
vided between said first stage and Said second stage, for 
projecting a reduced image of the pattern of the mask 
onto the substrate, calaoaoptrie rrafprrfing projec- 
tion optical system jpetadrng; 

a first imaging; optical system having a positive reflective 
power and for forming a first intenncrKafe image as a 

' % mdveed of tho pattern on the m^sfc^ 

beam splitting means, for splitting at least part of a Hght ^ 
beam from said first imaging optical system; 

a second imaging optical system including a concave 
reflecting mirror for reflecting a light beam split by said 
beam spli tt ing means; and for foattmg a second inter* 
mediate image as art image of the fi*** mtexmematc 20 
image; and 

a third im fl ^ Ii i^, optical system for foxmmg a fluid inter* 
mediate i mage as an imago of the second intermediate 
image on the substrate on the basis of a light beam, cf 
a fight beam from said second imaging optical system, 25 
winch is split by said beam splitting means. 

9. An apparatus according to g i*' i fl wherein said bszm 
spfittmg means is a prism typo beam spiittcft and at least one 
of the jfo cs t fa Tg t!H^J "t , r image and the se co nd • pTt^ " 1 " ^ '"^ 
image is formed in said prism type beam spfaHex 50 

10. An apparatus bc^ oi^"^ *ff ch"*^ "'In Miin ag i "p tieal 
axis of said first imaging optical system corresponds to an 
optical axis of said second imaging optical system, and said 
beam qil jttmg means is disposed between said first Tma^Tn^ 
optical system and said se co nd ftrtftgfng optical system. 

IX. An apparatus according to claim 9, wherein an optical 
asis of said second imaging optical system, eoncsponds to an 

QpOcal hytc of ssod third ^^^gT^S Optical .tyrt^^ Il t 3nrf 5^aif f 



20 

beam splitting means is disposed between said second 
imaging optical system and said third ft"*ff jng optical sys- 



12. An apparanis according to daim fl, wherein said beam 
splitting means is a partial reflecting mino r for partially 
reflecting a light beam, and the second intermediate image 
is formed between said beam splitting means and said 
emenre rrfftxting minor of said second imaging optical 



.13* An apparatus according to claim 12, wherein said 
partial reflecting mirror is disposed, so as to avoid optical 
axes of said first and third imaging optical systems* 

14. An apparatus according to daim S, Whereid the 
following conditions are satisfied! 



and 



where ^ is the Petzral sum of said first imaging optical 
system, p* is the Petzval sum of said second imaging optical 
system^ and p*. is the Petzval sum of said ***** imaging 
•* optical system, and the following ^w^'qm are satisfi e d ; 

where fa is the magnification between the pattern of the first 
snr&ce and the first jntermcdiata image, is the magnirt- 
e*ri*m between the first intermediate image and the second 
25 intermediate image, and ^ is the magnification borween the 
s eco nd ntctmefHaic image and the >WtH fotcrmcdiato image. 
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J5. A ettatCnpt rie imaging optica! gvstan_in_a.pn3wetion 
exposure separates tn which 1 pattern on a reticle placed on a firsj 
surface g transmitted onto.a substrate pbecd on a second surface. 

COifl p rismg! 

ft fiTSt diQptnC imawute c^tical_sjib"3YgtCHtC 

a cao^joptng imaging optical snh-gysonn p aw «p ti«*i 
path between ^tdiirstdlOPtrie imaging Optical sob-system aid the 
ascend snrjacp. cpjnrjrising a.concavc mirror and a catadfaptric 
OPtlca^axr^ and 

a second dioptric froagirtg optical snbrsyjBteni fn am* 
optical path between said catadjoptrio imaging optical subsystem 
and flic second sui face, eoraprisnig a second dioptric Or jticaJjxTs^ 



forming a primary Image between the first dionnjft 
Imaging optical wb-system and the catadiootrie Imaging optieai 



a primary iipago is fbfrned^bctwecn said 
firg_dfeptrte imaging optical svb-GVStttt arid said caiadioptnc 
hrggfafl optical snp^gstCTV^ 

a secondary imge is formed between said 

catadfoptnc tnyusria optical sub-system and said second dioptric 
imaging optical sab^ayjitmi, and 

the catfldiopo iC Optical a xu jnt ^ryfts the 
sd&Aid dioptric optical axis. 

» ■ ■ 

. 1 <L The optf_aj_jy5tern .according: to claim 1 5. wheram said 
catadiootrie imagine optical sub^vstgrn further, comprises a 
n^ailv^ powerjens. . 

17. The optical system acconfipg to cfaim 15, fln-mcr 
comprising & taming min or located offtiie ggc and dioptric optical 



18, The optical System according to chum 17. wherein me 
gmndaiy OTago fa formed between said tarning, mirror and the 



19. TTic optical system agggrdmg to dam 15. further 
CQIflPnsmg an aperture stop m said Grat and/or -second dioptric 
optical snb-systetn, wh ich controls i coherent feetor. 

20. Tha optical system acCTrdn^tpdaim 15. wherein tfao 
second C30PPTC optical aria is along, a straight linn, j . 

21. TheopticaLsystefli according, to claim 20, wfacrcm said 
first dioptric imaging optical sub-system comprise a first dioptric 
onrieal mi along a straight Ene, 

i 

22. A -jjiu laitlcn exppgnrcj agparafaia jytrich tr ansfers apatem 
on a reticle Cnm a substrate, winptamgL 

a\ catadipptrio imaging optical system according to 
olahn IS, wherein said catoptric rniaging optical system forma 
an exposure area, at a position off the gcconddioptnc Optical axis. 

23. TTieprejsction exposure apparatus according to darm 39, 
wherein the reticle and tha snhsmtfe are scanned at different 
speeds emrespondrng. to a magnification of said eafadlopttig 
ggrafpn^ : uulaad avategi. 

2*. A. method of i magi ng a pattern on a rctidc onto a 
aubsrratc caninrinng: 

paging a light front the reticle thropgh_a first dioptric 
imaging optical sab-system; 

passing a lurirtjrpra the first dioptric imaging optical 
sjiOjsystent through a catadiuvtric imaging oprieal subsy stem 
having a concave mirror — 

passinga light from theratadiopoic optical subsystem 
through a second dlootrie tiriagmg optical sub -system^ 



ibnnmg a secondary image between the caradiootrlc 
imagmg Optical system and The second dlootrie rniaging Optical 
sub-systepot and 

turning an ontieal path Pear die primary image. 

25. A method of imaging a pattern on a reticle onto a 
sobatrate; compnsjngjL 

^ . passing a Kght from the reticle through a first drontrie 

linaqiiig optical Hjb-sV&tcm; 

passing a light from the first dioptric imaging optical 
snb-svstem through a catadioptoe mmgmg optical _5Pbsvatem i 
havmg i coneava mirror^ 

passing alight fimg fta caJetdteptrio optical snb-SVStcm 
through a »econd dipptric jmagmg optical sab-system: 

jtarmmg a.prirnary. image between the first tWria 
imaging optical sMVsy&tem and the catadjootrie imaging nptr^ 



forming a secoadarv image between the catsA-nr *™* 
ima«inc Optical system and the second dioptric imaging optical 

turning an optical paHl near me seCQ j idarv image. 

3cu The method according to claim 25. wherein the optical 
path is tnrflcd bv a tnrntpg ntirfor located off an optical axf< of ma 
second dSoptne gna gmg O ptical sub-systeni. 



27. The method according to claim 25. farther c 



LtHmii Ding a coherent .factar n ain g^ gn.aperPJre Stop in tfae jCi i st 
and/or second diopttic imaging optical siib^svstem. " 

28. The method according to claim 27. fiiTtto conmrisiTiy 
grrangipK the retyfaar. d_tha_sub5trare fa.be, parallel^ 

29. The method according to claim 23t farmer conmriatag 
^5BS&35 optical j^PTi .>n_the_l]i&t diopeie imaging optical snjb" 

30. A eatam'ootric nnacmg optical aVatcm in a proiectfon 
exposaro ar^xiratps in which a pattErn_Qn a reticle placed on a first 
smface g tran^erred.onto a sli^^ra^a placed On a second surface^ 

a first cltnnric imagmg optfeal sutwstcm: 
a. nrtadtoptric fanag mg optical spb *systetn in an oritica^ 
path huwuui said first dlc^tricimaging_opPcaJ suh»system and die 
second sorftce, comprising a cgncaye.injrrorj 

a second dioptrx. t imagmg_Dptij^ saoHsystem m an 
optical path brfween said catadioptric pregjpg optical sub-svsiem 
and tha second surfheo! and 

a Wnq muTor between said eate<ficpnje irnagmg 
optical system and said Second dicpejejnyigmg cptieaLsiib-; 



whcicin 



a primary image fa formed between said 
first dioptric imaging optical sub-system and said catadioptric 
bnzRinK optical spb-systero^md 

a seeandary imapft is Formed between said 
catadipppic imaging optical sub-systcrfl apdjSaid $econd dioptric 
inr^grngjoppcal sab*system. 

31. The optfcal system according to claim 3Q« wherdn the 
seeandaryjmage fs fbrmed bePa^eTi_5aLd_mrn?ng mirror and the 
concave mil mr. 
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32. The optical system aeeoTdfaa^to.dafrn 30. farther 
gamprisihg an apertnrc atop in sxi^ first and/or second dicptrie 
optical snb-systenu which controls a coherent factor. 

33. The optical system according to claim 30. wherein said 
second dioptric imaging optical siib-svstea baa an optical axjc 
ajopg a straight line, 

34. _ The optica] system acpording to gfegnjjj, wherein aid 
first dioptric faiagmg ond cal SPo-ratera has an optical axia along 
a_sjjjdgfatjine- 

3 A prOie£t*flP [jflam capparaojajwhi ch jTansfcra a pailf.Pi 
on a reaidc onto a substrate, comprising; 

Xi ^ a Cflt&djQfltli£ imaging optical system, ai^^sls ^^!^ 
cfafm 30. wherein saldcatadjontricimajPTC optical system forms 
an expospip area off an optical axis of said second dioptric 
jwagmg optical sub^viiicm- 

36. ThcprojccCtbn exposure apparatus atxordMgtpefaurn S^ 
wherein, the, rttido and the safartrate am seamed at different 
speeda mraoofflfittg to a magnification of ra^^t^ 
jffn mtlft optical System. 

37. A method of imaging a" pattern On a reticle onto a 
sntstrate, couiuriamr 

ftrrninr a nrimary image of tho reticle bv a first 
dlOPDio fugging optical suh-gvrtem. based on light from ftg 

fanning a secondary image of tbc renctn using a, 
catadiorjtric iniagjng optical sob-system having a eppcavo nrinor. 
based on light from thefirst dioptric rrnagbg optical sujHrystenc 

forming a final imago _cf the reticle On the gnhstmte 
imp g^asectmdfllotnTicTm aging optical subsystem, basedon light 
fiuin tho catadj eptric hnaging optical svHtEnt^_and 

tanwig an optical -^th TtrHtw ^ jhe catadlotrtric 
imaging optical system, and the second dioptric imaging optical 
sob-system. 



optical path between said cafadioptric rraagpig optical sub-system 
and the second sorface. comprising an optical axis along a straight 



3 a. A cattdiotitric hi 



r optical gygtcm fai a projection 



exposure apparatus in which > pattern on a retidp nbeed oh a first 
rorc^fr transferred onto ajmhgtramp1aced_op a Second gprfaca. 
comoriaingr 

I a flwt cKoptrie imaging nntical snh-^vstem entntriang 
an optical axa along , *, straight lkc; 

a catadfontric hwagmg. optical sttb^syarrm fn an optical 
path between saidrh^diapfaric nra gUniutJll cal apb-system and the 
scjgind_surfote, cflfiipxi&nig a concave mirror and an optical axq 
along a straight ling and ~" 

a second dioptric ifittgmg optical arivsvatem in an, 



39. The optical system according tq chjm 1 S. wherein W 
fjrgt_dioptnc hnagmg opti cal sub-system, said catadiopfric 
imaging optical aub-flvstem. and said second dioptric imaging 
optical sub-mtem further rornprgp lenses having the tone 



40. The optical system acctffdntg to claim IS. wherein the 
optical system satisfies tho following conditions? 

wherein •magnification for said first pgojggfg imaging 
optical snh^vsrem. B. is a magnification for said candfopmo 
imaging optkaLsub-gystern, and ft fa a Tmgnifipmon for aafd . 
^OTd,dioptncjma^^sup : ^tem 

41. The optical system according to daipilS. fiirmcr 
c«rTprising_* _tinTu^gLTnTrrqr,_ajid wherein the first, surface » 
parallel to th e jcC^if td snrface. 

42. The optical sygtetri acccidlmrto claim 41. wherem said 
tprring th irror is m said fa* dioptric imagmesqb-svstEnt. 

43 . mm A a ingthodjQf < nnagul^ a pAttem^on a rchcto onto a 
SUlAtfatftt OOrnpfiSiogC 

ftrmtog a pnrria^.pnagq_pf the pattern using a first dioptric 
imagm g optical TOb-gysterncqnTjnjsing_a first dioptric optical aads 
along a .ytjaight Kne; 

mnning aaccondary hnage ofthe pattern using a laradiopflffe 
hnagiog optical Jub-syBtgm_ cornpris^i g_a .umuve mirror and a 
catadteptrfc optical axis along a straight tino. the ggennd hnaqe 
hcrjg/ orme^ nsing Kght received from the first dioptric hnagrn^ 
optical snhHrvstein?_and 

forming a final image of the pattern on the Sttbstxatc using a 
second dfopfrjc Ifpaging. optica] sub-system cnnitiriijlng asccond 
djoptric optictl T axrS along a straight ling, tho final imago bart^ 
jiJBiutd ufltrijj l?ght re ceitfed flotu the catadjopPTte inrngititft optical 
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PAGE 49«8 * RCVD AT 6f1 0/2004 4:38:43 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/7 * DNIS:8729306 * CSID:+ * DURATION (mn«s):21-28 




PAGE 50158 ' RCVD AT 6110/2004 4:38:43 PM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-1/7 ' DNlS:87293Q6 * CSID:+* DURATION (mm-ss):21>28 



Jun-10-04 03:52pm Frora-STAAS & HALSEY 



T-882 P. 051/058 F-931 



Fig . 9 



Fig, 8 
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Fig. 10 ^* 
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PAGE 51/58 * RCVD AT 6/1 0/2004 4:38:43 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/7 * DNIS:8729306 * CSlD:+ * DURATION (mm-ss):21 -28 




PAGE 52/58 * RCVD AT 8/10/20D4 4:38:43 PM [Eastern Daylight rime] * SVR:USPT0-EFXRF-1/7 * DNIS:8729306 * CSID:+ * DURATION (mnvss):21-28 




PAGE 53tt8 * RCVD AT 6/10/2004 4:38:43 PM [Eastern Daylight rime] * SVR:USPTO^FXRF-1/7 * DNI8:8729306 * CS1D:+ * DURATION (mm.ss):21-28 




PAGE 54/58 1 RCVD AT 6/10/2004 4:38:43 PM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-1/7 • DNIS:8729306 * CSID:+* DURATION (mn>ss):21-28 



Jun-1 0-04 03:52pm Frcm-STAAS i HALSEY 



+ 



T-882 P. 055/058 F-931 




PAGE 55158 * RCVD AT 6/1012004 4:38:43 PM [Eastern Daylight Time] * SVR:USPTO EFXRF-1/7 " DN1S:8729306 * CSID:+ 1 DURATION (mnvss):21'28 




PAGE 56f58 * RCVD AT 6/10/2004 4:38:43 PM [Eastern Daylight rime] * SVR:USPTO-EFXRF-1/7 * DNIS:8729306 * CSID:+* DURATION (mnt-ss):21-28 




PAGE 57/58 * RCVD AT 6/1 0/20M 4:38:43 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1ff * DNIS:8729306 * CSID:+ * DURATION (mm-ss):21 -28 



Jun-10-04 03:53pm Frora-STAAS & HALSEY 



+ 



T-882 P. 058/058 F-931 



CERTIFICAT E OF FACS)MlL&.TRAWftMBWPW 

I hereto certirv that tn» corr&suondwK& & Dongtraror 
netted via foc&mlte ttn Commissioner for Putentt, 
Rtt Box 1460, Alexandria, VA'^313-14g), 
on IQ ^(Oh 



Fig. 28 



5S- <£ 5^ 



ILLUMINATION 
OPTICAL SYSTEM 



ALIGNMENT 
OPTICAL SYSTEM 



-1 
-HO 




PAGE 58/58 * RCVD AT 6/10/2004 4:38:43 PM [Eastern Daylight Time] * SVR:USPT0^ FXRF-1/7 » DNIS:8729306 * CSID:+ * DURATION (mm-ss):21 -28 



